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JNK3 MODULATORS AND METHODS OF USE 
Field of the Invention 
The invention relates to screening assays for the 
5 detection of inhibitors of protein kinase expression or 
activity. 

Background of the Invention 
Apoptosis, or programmed cell death, is a 
prominent feature of the nervous system during normal 

10 development and in adult brain exposed to environmental 
stress (Kuida et al . , Nature, 384:368-372, 1996; Ratan et 
al., Neurochem., 62:376-379, 1994; Raff et al . , Science, 
262:695-700, 1993). Stress - induced apoptosis has been 
implicated in a variety of neurological diseases 

15 (Thompson, Science, 267:1456-1462, 1995) and requires de 
novo protein and RNA synthesis (Martin et al . , J. Cell. 
Biol., 106:829-844, 1988; Oppenheimet al . , Dev. Biol.., 
138:104-113, 1990). Increased expression of c-Jun 
protein is associated with neuronal damage following 

20 global ischemia (Neumann-Haef elin et al . , Cerebral Flow 
Metab, , 14:206-216, 1994) or transection of nerve axons 
in vivo (Neumann-Haef elin, supra) . Increased expression 
and phosphorylation of c-Jun have been observed in vitro 
prior to the apoptotic death of sympathetic neurons 

25 deprived of nerve growth factor (NGF) (Ham et al . , 

Neuron, 14:927-939, 1995) . Moreover, expression of a 
dominant negative mutant c-Jun, or treatment with c-Jun 
antibody protects NGF-deprived sympathetic neurons from 
apoptosis (Ham et al . , supra; Estus et al . , J. Cell. 

30 Biol., 127:1717-1727, 1994). However, the requirement of 
c-Jun for stress -induced neuronal apoptosis has not been 
tested in vivo since c-Jun deficient mice die during mid- 
gestation (Hilberg et al . , Nature, 365:179-181, 1993). 

Protein phosphorylation is one important mechanism 

35 involved in the activation of c-Jun in response to 
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environmental stress signals (Whitmarsh et al . , J. Mol . 
Med., 74:589-607, 1996). c-Jun N- terminal kinase (JNK, 
also known as SAPK) is a serine/threonine protein kinase 
that phosphorylates two residues (Ser-63 and Ser-73) on 
5 the NH 2 - terminal activation domain of c-Jun (Whitmarsh et 
al . , supra; Derijard et al . , Cell, 76:1025-1037, 1994; 
Kyriakis et al . , Nature, 369:156-160, 1994). Map kinase 
kinase 

(MKK) 4 (also known as SEK1) is a direct activator of JNK 

10 in response to environmental stresses and mitogenic 

factors (Whitmarsh et al , supra; Derijard et al , supra; 
Nishina et al . , Nature, 385:350-353, 1997; Yang et al . , 
Proc. Nat. Acad. Sci . USA, 94:3004-3009, 1997; Sanchez et 
al . , Nature, 372:794-798, 1994). JNK also phosphorylates 

15 ATF2 and other Jun- family proteins which function as 
components of the AP-1 transcription factor complex 
(Whitmarsh et al . , supra; Gupta et al., Science, 267:389- 
393, 1995; Gupta et al . , EMBO J. , 15:2760-2770, 1996). 
The phosphorylation of these transcription factors by JNK 

20 leads to increased AP-1 transcriptional activity 

-'(-Whitmarsh et al . , supra). Conversely, the induction of 
AP-1 transcriptional activity is selectively blocked in 
cells lacking MKK4 (Yang et al . , supra) . 

JNK has been implicated in the apoptosis of NGF- 

25 differentiated PC12 pheochromocytoma cells (Xia et al . , 
Science, 270:1326-1311, 1995), one model system of 
neuronal cell death in vivo (Batistatou et al . , J. Cell. 
Biol., 122:523-532, 1993). When differentiated PC12 
cells are deprived of nerve growth factor (NGF) , JNK 

30 activation is observed prior to apoptotic death (Xia et 
al . , supra). Transfection studies using constitutively 
activated and dominant negative mutant components of the 
JNK signaling pathway established that JNK is involved in 
NGF withdrawal -induced apoptosis of PC12 cells (Xia et 

3 5 al . , supra) . 
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Ten JNK isoforms, resulting from alternative 
splicing of three different genes have been identified 
(Derijard et al., supra; Kyriakis et al., supra; Gupta et 
al., supra; Martin et al . , Brain Res. Mol • Brain Res., 
5 35:47-57, 1996). Although the JNK1 and JNK2 isoforms are 
widely expressed in murine tissues, including the brain, 
the JNK3 isoforms are predominantly expressed in the 
brain and, to a lesser extent, in the heart and testis. 

Summary of the Invention 

10 The invention is based on the discovery that mice 

lacking the JNK3 gene (JNK3 (-/-)) develop normally and 
are resistant to excitotoxic damage, and that JNK3 plays 
a role in stress-induced seizure activity, AP-1 
transcriptional activation, and kainate- induced apoptosis 

15 of hippocampal neurons. Thus, JNK3 is a mediator of 
kainate/glutamate excitotoxicity and a target for 
limiting or preventing excitotoxic damage. 

The invention also features a method of 
identifying a candidate compound that modulates JNK3 

2 0 expression. The method includes the steps of incubating 

a cell that can express a JNK3 protein with a compound 
under conditions and for a time sufficient for the cell 
to express the JNK3 protein when the candidate compound 
is hot present. The expression of JNK3 is then measured 
25 in the cell in the presence of the compound. The 

expression of JNK3 is also measured in a control cell 
under the same conditions and for the same time. The 
amount of JNK3 expression in the cell incubated in the 
presence of the compound and in the control cell is 

3 0 compared.. A difference in JNK3 expression indicates that 

the compound modulates JNK3 expression. In an embodiment 
of this method, the compound decreases JNK3 expression. 
In another embodiment, the invention features- a 
method of identifying a candidate compound that modulates 
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JNK3 activity. The method includes the steps of 
incubating a cell that has JNK3 activity with a compound 
under conditions and for a time sufficient for the cell 
to express JNK3 activity when the candidate compound is 
5 not present. The activity of JNK3 is then measured in 
the cell in the presence of the compound. The activity 
of JNK3 is also measured in a control cell under the same 
conditions and for the same time. The amount of JNK3 
activity in the cell incubated in the presence of the 

10 compound and in the control cell is compared. A 

difference in JNK3 activity indicates that the compound 
modulates JNK3 activity. In an embodiment of this 
method, the compound decreases JNK3 activity. 

The invention also includes a method of 

15 ^identifying a. compound that modulates the binding of a 
JNK3 polypeptide to a substrate. The method involves 
comparing the amount of a. JNK3 polypeptide bound to a 
substrate in the presence and absence of a selected 
compound. A difference in the amount of binding of a 

2 0 JNK3 polypeptide to the substrate indicates that the 

^selected compound modulates the binding of a JNK3 
polypeptide. In an embodiment of this method, the 
binding of a JNK3 polypeptide to a substrate is 
decreased. 

25 Another feature of the invention is a method for 

generating a totipotent mouse cell comprising at least 
one inactivated JNK3 gene. The method includes: a) 
providing a plurality of totipotent mouse cells; b) 
introducing into the cells a DNA construct that includes 

3 0 a mouse JNK3 gene disrupted by the insertion of a 

sequence into the gene, thus the disruption prevents 
expression of functional JNK3 ; c) incubating the cells so 
that homologous recombination occurs between the 
chromosomal sequence encoding JNK3 and the introduced DNA 
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construct; and d) identifying a totipotent mouse cell 
. that has at least one inactivated JNK gene. 

Al so featured in the invention is a method for 
generating a mouse homozygous for an inactivated JNK3 
5 gene. The method includes the steps of: a) providing a 
totipotent mouse cell that contains at least one 
inactivated JNK3 gene; b) inserting the cell into a mouse 
embryo and implanting the embryo into a female mouse; c) 
permitting the embryo to develop into a neonatal mouse; 

10 d) permitting the neonatal mouse to reach sexual 

maturity; e) mating two of the sexually mature mice to 
obtain a mouse homozygous for the inactivated JNK3 gene. 
Such a mouse (homozygous JNK3 (-/-)) is resistant to 
excitotoxic damage . 

15 The invention also features methods of treating a 

patient having or at risk for a disorder of the nervous 
system involving excitotoxicity . The methods include 
administering to the patient a therapeutically effective 
amount of a compound that inhibits JNK3 expression, or a 

20 therapeutically effective amount of a compound that 
inhibits JNK3 activity. An antisense nucleic acid 
molecule or ribozyme can be used as the inhibitory 
compound. Disorders that can be treated by these methods 
include dementias including Alzheimer's disease, 

25 neurodegenerative diseases such as Huntington disease, 
cerebrovascular disorders such as ischemia, amyotrophic 
lateral sclerosis, trauma including that caused by heat 
or cold, motor neuron disease, Parkinson's disease, or 
seizure disorders including epilepsy. Neuroendocrine 

3 0 disorders such as those that affect pituitary glands, 
adrenal glands, testis, or pancreas (e.g., 0-cells) can 
be treated with JNK3 modulators. 

The invention also includes a transgenic non-human 
mammal having a transgene disrupting expression of a JNK3 

3 5 gene, the transgene being chromosomal ly integrated into 



BNS0OC10: <WO 9916193A1> 



WO 99/18193 PCT/US98/20904 



- 6 - 

germ cells of the mammal. In an embodiment of the 
invention, the mammal is a mouse. The germ cells of the 
mammal can be homozygous for the transgene and the 
disruption of JNK3 gene expression can be the result of a 
5 null mutation. Another embodiment of the invention 

includes a cell line descended from a cell of the mammal 
- having the transgene disrupting expression of a JNK3 
gene . 

A.DNA construct comprising a disrupted mouse JNK3 

10 gene is also featured in the invention. The disruption 
is by insertion of a sequence into the gene such that 
the disruption prevents or modifies the expression of 
functional JNK3 . 

Unless otherwise specified, "JNK3" can. refer both 

15 4 to nucleic acids and polypeptides, such as the sequences 
•shown in Figs. 1A-5B (SEQ ID N0S:1-12; see also, GenBank 
accession number: U34819 which corresponds to SEQ ID NO : 1 
and SEQ ID NO;2; U34820 which corresponds to SEQ ID NO : 4 
and SEQ ID NO : 5 ; U07620 which corresponds to SEQ ID NO : 7 

20 and SEQ ID NO : 8 ; L27128 which corresponds to SEQ ID NO : 9 
- : and SEQ ID NO: 10; and L3 523 6 which corresponds to SEQ ID 
NO: 11 and SEQ ID NO: 12) . SEQ ID NO: 3 and SEQ ID NO : 6 
represent deduced nucleotide sequences based on the 
presumed overlap between the sequences represented by SEQ 

2 5 ID N0S:1 and 4 with the sequence represented by SEQ ID 

NO: 7. JNK3 also refers to polypeptides that are at least 
85% identical to the amino acid sequences listed above, 
and to the nucleic acids encoding those polypeptides. 
Examples of these sequences and methods of isolating them 

30 are found in Gupta et al . , supra, 1996; Kyriakis et al . , 
supra; Martin et al . , Brain Res. Mol . Brain Res., 35:45- 
57, 1996; and Mohit et al . , Neuron, 14:67-78, 1995. 

A "control" cell is a cell that is generally the 
same, e.g., genotypically and phenotypically , as. the cell 

35 to which it is being compared (e.g., the cells can be 
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sister cells) , but which is not exposed to a test 
compound . 

Unless otherwise defined, all technical and 
scientific terms used herein have the same meaning as 
5 commonly understood by one of ordinary skill in the art 
to which this invention belongs. Although methods and 
materials similar or equivalent to those described herein 
can be used in the practice or testing of the present 
invention, suitable methods and materials are described 

10 below. All publications, patent applications, patents, 

and other references mentioned herein are incorporated in 
their entirety. In case of conflict, the present 
specification, including definitions, will control. In 
addition, the materials., methods, and examples are 

15 illustrative only and not intended to be limiting. 

. Other features and advantages of the invention 
will be apparent from the following detailed description 

. . and from the claims. 

Brief Description of the Drawings 
Fig. 1A is a schematic representation of the 
nucleic acid sequence of GenBank Accession No. U34819 
(SEQ ID N0:1) . 

Fig. IB is a schematic representation of the amino 
acid sequence of GenBank Accession No. U34819 (SEQ ID 
NO: 2) . 

Fig. 1C is a schematic representation of the 
nucleic acid sequence of SEQ ID NO:3. 

Fig. 2A-B is a schematic representation of the 
nucleic acid sequence of GenBank Accession No. U34820 
(SEQ ID NO: 4) . 

Fig. 2C is a schematic representation of the amino 
acid sequence of GenBank Accession No. U3482 0 (SEQ ID 
NO: 5) . . . 



25 
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Fig. 2D is a schematic representation of the 
nucleic acid sequence of SEQ ID NO: 6. 

Fig. 3A-B is a schematic representation of the 
nucleic acid sequence of GenBank Accession No. U0762 0 
5 (SEQ ID NO: 7) . 

Fig. 3C is a schematic representation of the amino 
acid sequence of GenBank Accession No. U07620 (SEQ ID 
NO : 8 ) . 

Fig. 4A is a schematic representation of the 
10 nucleic acid sequence of GenBank Accession No. L2712 8 
— (SEQ ID N0:9) . 

Fig. 4B is a schematic representation of the amino 
acid sequence of GenBank Accession No. L27128 (SEQ ID 
NO: 10) . 

~15 Fig. 5A is a schematic representation of the 

nucleic acid sequence of GenBank Accession No. L35236 
(SEQ ID NO: 11) 

Fig. 5B is a schematic representation of the amino 
acid sequence of GenBank Accession No. L3 52 3 6 (SEQ ID 
2 0 NO: 12) . 

- Fig. 6 is a diagram of the wild type JNK3 gene 
locus, targeting vector, and the mutated or disrupted 
JNK3 gene locus. 

Fig. 7 is a bar graph showing the temporal 
25 responses of wild type and JNK3(-/-) mice to kainic acid 
(KA) injection. 

Fig. 8 is a bar graph showing the temporal 
responses of wild type and JNK3(-/-) mice to pentetrazole 
(PTZ) injection. 
30 Fig. 9A is a schematic representation of the - 

nucleic acid sequence of murine c-Jun (GenBank Accession 
No. X12740; SEQ ID NO:13). ... 

Fig. 9B is" a schematic representation of the amino 
acid sequence of murine c-Jun (GenBank Accession No. • 
35 X12740; SEQ ID NO:14). 
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Fig. 10A-B is a schematic representation of the 
nucleic acid sequence of murine c-Fos (GenBank Accession 
No. V00727; SEQ ID NO: 15). 

"Fig. IOC is a schematic representation of the 
5 amino acid sequence of murine c-Fos (GenBank Accession 
No. V00727; SEQ ID NO:16) 

Fig. 11 is a bar graph showing the level of KA- 
induced AP-1 activity at various times after KA induction 
as reflected by luciferase activity in JNK3 (-/-) mice 
10 crossed with transgenic AP-1 luciferase mice. 

Fig. 12 is a bar graph showing the level of KA- 
induced AP-1 activity as reflected by the relative level 
of luciferase activity in hippocampus (HP) and cerebellum 
(CB) of JNK3(-/-) mice and wild type(+/+) mice. 
15 Fig. 13 is a diagram of the proposed, chain of 

molecular events caused by KA leading to neuronal 
apoptosis . 

Fig. 14 is a diagram of the trisynaptic connection 
within the hippocampal formation. 

20 Detailed Description 

JNK protein kinase phosphorylates c-Jun and 
subsequently increases AP-1 transcriptional activity in 
response to a specific group of stress signals (Whitmarsh 
et al, supra; Yang et al . , supra). The neural-specific 

25 expression of JNK3 may render neurons particularly 

susceptible to physiological stress. In the experiments 
described herein, a remarkable resistance to kainic acid 
(KA) -induced seizures and apoptosis has been observed in 
JNK3 -deficient mice. The resistance to KA neurotoxicity 

30 may be due to the elimination of a specific stress-, 
response pathway mediated by the JNK3 isoform of JNK 
protein kinase. First, the administration of KA caused 
the phosphorylation of the NH 2 - terminal activation domain 
of c-Jun and markedly increased AP-1 transcriptional 
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activity in wild- type, but not in JNK3 -deficient mice. 
Second, there was prolonged expression of phosphorylated 
c-Jun within the most vulnerable area of the hippocampus, 
further indicating that JNK activity may lead to neuronal 
5 apoptosis. 

The findings reported herein are consistent with 
the dependence of KA neurotoxicity on excitatory 
■ circuitry (Nadler et al . , Brain Res. 195:47-56, 1980). 
Since JNK3 is widely expressed in the nervous system and 
10 its activity is increased by many different stress 

signals (Gupta et al . , supra), JNK3 may be involved in 
stress -induced apoptosis caused by a wide range of 
... _ environmental insults . 

The identification of JNK3 as a critical mediator 
-15- : -of KA-induced excitatory neurotoxicity has clinical 

-■' implications. The amino acid sequence of mouse, rat and 
"human JNK3 is highly conserved (Kyriakis et al . , supra; 
' ^ Gupta et al . , supra; Martin et al . , supra; Mohit et al . , 

-Neuron. 14:67-78, 1995). Moreover, the expression of the 
20 : human JNK3 gene is also restricted to the nervous system 
- and neuroendocrine system, is widely expressed in many 
-brain subregions (Gupta et al . , supra; Mohit et al . , 
supra) . It is therefore likely that the human and rodent 
JNK3 protein kinases have related or identical 
25 physiological functions. Neurotoxicity of the excitatory 
amino acids has been implicated in many neurological 
disorders ranging from acute ischemia to chronic 
neurodegenerative diseases (Choi, Neuron, 1:623-634, 
1988; Lipton et al . , N. Engl. J. Med. 330:613-622, 1994; 
30 Rothman et al - / Annu. Neurol. 19:105-111,- 1986) . 

Previous therapeutic strategies have been focused on the 
prevention of calcium influx through cell surface 
channels, such as the NMDA- type glutamate receptor. To 
date, these approaches have only met with mixed results 
35 (Lipton et al . , supra) . JNK3 is therefore a target for 
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therapeutic interventions when excitatory neurotoxicity 
involves JNK3 -mediated apoptosis. 

In the experiments described infra, homologous 
recombination was used to generate JNK3 -deficient mice, 
5 and their responses to noxious stimuli were examined. 
KA, a potent excitotoxic chemical, elicits limbic 
seizures and neuronal cell death. The neurotoxicity of 
KA derives from the direct stimulation of the glutamate 
receptor at postsynaptic sites, and an indirect increase 
10 in the release of excitatory amino acids from presynaptic 
sites. It is well -documented that systemic application 
of KA induces the expression of various cellular 
immediate early genes (cIEGs) , including c-Jun and c-Fos. 
Thus, the application of KA triggers a stress -response 
15 pathway in the brain in vivo. The experiments detailed 
infra demonstrate that KA induces phosphorylation of c- 
Jun and an increase in AP-1 transcriptional activity in 
the brain of wild-type mice. However, these effects of 
-KA are markedly suppressed in the brains of JNK3- 
20 deficient mice. Moreover, JNK3 -deficient mice exhibit a 
remarkable resistance to KA-induced seizures and 
apoptosis of hippocampal neurons. These normal mice 
treated with KA represent a useful model of human 
disorders of the nervous system involving excitotoxicity . 
25 Based on these experimental results, JNK3 was 

found to be an exceptional target for limiting 
excitotoxic damage. In particular, JNK3 is a target in 
screening protocols including protocols to screen for 
molecules that regulate JNK3 gene expression, JNK3 
30 binding to its substrates, and JNK3 activity, as 
•. described below. The molecules found in these screens 
that effectively decrease JNK3 expression or activity are 
candidate drugs to be used to treat disorders of the 
nervous system involving excitotoxicity, including 
35 seizure disorders such as epilepsy, cerebrovascular 
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disorders including ischemia, metabolic imbalance (e.g., 

hypoglycemia) , injury due to extreme heat or cold, trauma 
(e.g., irradiation, spinal cord injury, pressure, and 

ionic imbalance), dementias such as Alzheimer's disease, 
5 Parkinson's disease, and neurodegenerative disorders 
(e.g., Huntington disease), and motoneuron disease 
(including amyotrophic lateral sclerosis) (Thompson, 

Science, 267:1456-1462, 1995; Coyle et al . , Science, 

262 : 689-695, 1993) . 

10 Methods of Screening for Molecules that Inhibit JNK3 
Activity 

The following assays and screens can be used to 
identify compounds that are effective inhibitors of JNK3 
^activity. The assays and screens can be done by physical 
15 "-selection of molecules from libraries, and computer 

-comparisons of digital models of compounds in molecular 
libraries and a digital model of the JNK3 active site. 
-The inhibitors identified in the assays and screens may 
act by, but are not limited to, binding to JNK3 (e.g., 
20 -from mouse or human) , binding to intracellular proteins 
"that bind to JNK3 , compounds that interfere with the 
* interaction between JNK3 and its substrates, compounds 
that modulate the activity of a JNK3 gene, or compounds 
that modulate the expression of a JNK3 gene or a JNK3 

2 5 protein. 

Assays can also be used to identify molecules that 
bind to JNK3 regulatory sequences (e.g., promoter 
sequences), thus modulating gene expression. See, e.g., 
Piatt, J. Biol. Chem., 269:28558-28562, 1994. 

3 0 The compounds that can be- screened by the methods 

described herein include, but are not limited to, 
peptides and other organic compounds (e.g., 
peptidomimetics) that bind to a JNK3 protein or inhibit 
its activity in any way. 
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Such compounds may include, but are not limited to, 
peptides; for example, soluble peptides, including but 
not limited to members of random peptide libraries (see, 
e.g., Lam et al . , Nature 3 54:82-84, 1991; Houghten et 
5 al . , Nature 354:84-86, 1991), and combinatorial 

chemistry-derived molecular libraries made of D-and/or L- 
amino acids, phosphopeptides (including, but not limited 
to, members of random or partially degenerate, directed 
phosphopeptide libraries; see, e.g., Songyang et al . , 
10 Cell 72:767-778, 1993), and small organic or inorganic 
molecules . 

Compounds and molecules are screened to identify 
those that affect expression of a JNK3 gene or some other 
gene involved in regulating the expression of JNK3 (e.g., 

15 by interacting with the regulatory region or 

transcription factors of a gene) . Compounds are also 
screened to identify those that affect the activity of 
such proteins (e.g., by inhibiting JNK3 activity) or the 
activity of a molecule involved in the regulation of 

20 JNK3 . 

Computer modeling or searching technologies are 
used to identify compounds, or identify modified 
compounds that modulate or are candidates to modulate the 
expression or activity of a JNK3 protein. For example, 

25 compounds likely to interact with the active site of the 
JWK3 protein are identified. The active site of JNK3 can 
be identified using methods known in the art including, 
for example, analysis of the amino acid sequence of a 
molecule, and from a study of complexes formed by JNK3 

30 with a native ligand (e.g.-, ATF2 or c-Jun) . Chemical or 
X-ray crystal lographic methods can be used to identify 
the active site of JNK3. by the location of a bound ligand 
such as c-Jun or ATF2 . 

The three-dimensional structure of the active site 

3 5 can be determined. This can be done using known methods, 
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including X-ray crystallography, which can be used to 
determine a complete molecular structure. Solid or 
-liquid phase NMR can be used to determine certain intra- 
molecular distances. Other methods of structural 
5 analysis can be used to determine partial or complete 
geometrical structures . Geometric structure can be 
determined with a JNK3 protein bound to a natural (e.g., 
;C-Jun or ATF2) or artificial ligand which may provide a 
more accurate active site structure determination. 
10 Computer-based numerical modeling can be used to 

complete an incomplete or insufficiently accurate 
structure. Modeling methods that can be used are, for 
example, parameterized models specific to particular 
biopolymers such as proteins or nucleic acids, molecular 
15 L-dynamics models based on computing molecular motions, 

'.statistical mechanics models based on thermal ensembles, 
or combined models. For most types of models, standard 
molecular force fields, representing the forces between 
constituent atoms and groups are necessary, and can be 

2 0 selected from force fields known in physical chemistry. 

^Information on incomplete or less accurate structures 
determined as above can be incorporated as constraints on 
the structures computed by these modeling methods. 

Having determined the structure of the active site 
25 of a JNK3 protein, either experimentally, by modeling, or 
by a combination of methods, candidate modulating 
compounds can be identified by searching databases 
containing compounds along with information on their 
molecular structure. The compounds identified in such a 

3 0 search are those that have structures that match the 

active site structure, fit into the active site, or 
interact with groups defining the active site. The 
compounds identified by the search. are potential JNK3 
modulating compounds. ; 
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These methods may also be used to identify 
improved modulating compounds from an already known 
modulating compound or ligand. The structure of the 
known compound is modified and effects are determined 
5 using experimental and computer modeling methods as 

described herein. The altered structure is compared to 
the active site structure of a JNK3 protein to determine 
.or predict how a particular modification to the ligand or 
modulating compound will affect its interaction with that 
10 protein. Systematic variations in composition, such as 
by varying side groups., can be evaluated to obtain 
modified modulating compounds or ligands of preferred 
specificity or activity. 

Given the teachings herein, additioanl 
15 experimental and computer modeling methods useful to 

identify modulating compounds based on identification of 
the active sites of a JNK3 protein and related 
transduction and transcription factors an be developed by 
those skilled in the art. 

2 0 Examples of molecular modeling systems are the 

QUANTA programs, e.g., CHARMm, MCSS/HOOK, and X-LIGAND, 
(Molecular Simulations, Inc., San Diego, CA) . QUANTA 
provides a modeling environment for two dimensional and 
three dimensional modeling, simulation, and analysis of 

25 macromolecules and small organics . Specifically, CHARMm 
analyzes energy minimization and molecular dynamics 
functions. MCSS/HOOK characterizes the ability of an 
active site to bind a ligand using energetics calculated 
via CHARMm. X- LIGAND fits ligand molecules to electron 

30 density patterns of protein-ligand complexes. The 
program also allows interactive construction, 
modification, visualization, and analysis of the behavior 
of molecules, with each, other. 

Articles reviewing computer modeling of compounds 

3 5 interacting with specific proteins can provide additional 
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guidance. For example, see, Rotivinen et al . , Acta 
Pharmaceutical Fennica 97:159-166, 1988; Ripka, New 
Scientist 54-57 (June 16, 1988) ; McKinaly and Rossmann, 
Ann, Rev. Pharmacol. Toxicol. 29:111-122, 1989; Perry and 
5 Davies, OSAR: Quantitative Structure-Activity 

Relationships in Drug Design pp. 189-193 (Alan R. Liss, 
Inc., 1989); Lewis and Dean, Proc . R. Soc. Lond. 236:125- 
■ 140, 141-162, 1989; and,, regarding a model receptor for 
nucleic acid components, see Askew et al . , Am. J. Chem. 
10 Soc. 111:1082-1090. Computer programs designed to screen 
and depict chemicals are available from companies such as 
MSI (supra), Allelix, Inc. (Mississauga , Ontario, 
Canada), and Hypercube , Inc. (Gainesville, FL) . These 
.applications are largely designed for drugs specific to 
15 .particular proteins; however, they may be adapted to the 
- ^design of drugs specific to identified regions of DNA or 

RNA. Commercial sources of chemical libraries can be 
~ used as sources of candidate compounds. Such chemical 
libraries can be obtained from, for example, ArQule, Inc. 

2 0 -:(Medford, MA) . 

iv . In addition to designing and generating compounds 

that alter binding, as described above, libraries of 
known compounds, including natural products, synthetic 
chemicals, and biologically active materials including 
25 peptides, can be screened for compounds that are 
inhibitors or activators. 

Compounds identified by methods described above 
may be useful, for example, for elaborating the 
biological function of JNK3 gene products and in 

3 0 treatment of disorders in which JNK3 activity is 

deleterious. Assays for testing the effectiveness of 
compounds such as those. described herein are further - 
described below. 
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In Vitro Screening Assays for Compounds that Bind to JNK3 
Proteins and Genes 

In vitro systems can be used to identify compounds 
that can interact (e.g., bind) to JNK3 proteins or genes 
5 encoding those proteins. Such compounds may be useful, 
for example, for modulating the activity of JNK3 
polypeptides or nucleic acids, elaborating their 
biochemistry, or treating disorders caused or exacerbated 
by JUK3 expression. These compounds may themselves 

10 disrupt normal function or can be used in screens for 
compounds that disrupt normal function.. 

Assays to identify compounds that bind to JNK3 
proteins involve preparation of a reaction mixture of the 
protein and the test compound under conditions sufficient 

15.. to allow the two components to interact and bind, thus 
forming a complex that can be detected and/or isolated. 

Screening assays for molecules that can bind to a 
JNK3 protein or nucleic acid can be performed using a 
number of methods. For example, a JNK3 protein, peptide, 

20 or fusion protein can be immobilized onto a solid phase, 
reacted with the test compound, and complexes detected by 
direct or indirect labeling of the test compound. 
Alternatively, the test compound can be immobilized, 
reacted with JNK3 polypeptide, and any complexes 

25 detected. Microtiter plates can be used as the solid 

phase and the immobilized component anchored by covalent 
or noncovalent interactions. Non-covalent attachment may 
be achieved by coating the solid phase with a solution 
containing the molecule, and drying. Alternatively, an 

30 antibody specific for JNK3 is- used to anchor the molecule 
to the solid surface. Such surfaces may be prepared in 
advance of use, and stored.- JNK3 .antibodies can be 
produced using conventional methods such as those 
described in Coligan et al . (Current Protocols in 
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Immunology, John Wiley & Sons, Inc., 1994, see Volume 1, 
chapter 2) . 

In the assay, the non- immobilized component is 
added to the coated surface containing the immobilized 
5 component under conditions that permit interaction and 
binding between the two components. The unreacted 
components are then removed (e.g., by washing) under 
conditions such, that any complexes formed will remain 
immobilized on the solid phase. The detection of the 
10 complexes can be accomplished by a number of methods 
known to those in the art. For example, the 
nonimmobilized component of the assay may be prelabeled 
with a radioactive or enzymatic label and detected using 
appropriate means. If the non-immobilized entity was not 
15 „ prelabeled, an indirect method is used. For example, if 
"the non- immobilized entity is a JNK3 polypeptide, an 
antibody against JNK3 is- used to detect the bound 
molecule, and a secondary, labeled antibody is used to 
detect the entire complex. 
20 : Alternatively, a reaction can be conducted in a 
liquid phase, the reaction products separated from 
:.unreacted components, and complexes detected (e.g., using 
an immobilized antibody specific for a JNK3 protein) . 
Cell-based assays can be used to identify 

2 5 compounds that interact with JNK3 proteins. Cell lines 

that naturally express such proteins or have been 
genetically engineered to express such proteins (e.g., by 
trans feet ion or transduction with JNK3 DNA) can be used. 
For example, test compounds can be administered to cell 

3 0 cultures and the phosphorylation of ATF2 or c-Jun 

measured- as described infra. A decrease in the amount of 
phosphorylation of a JNK3 substrate in the presence of 
the test compound compared to controls that do not 
contain the test compound indicates that the test 
35 compound is an inhibitor of JNK3 activity. 
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Inhibitors of JNK3 expression that act on the JNK3 
promoter can be identified using a chimeric gene in which 
genomic sequences including the JNK3 promoter are fused 
to a reporter, for example firefly lucif erase. Cultured 
5 cells (including neurons) transformed with this DNA are 
screened for the expression of lucif erase activity. 
Compounds that inhibit luciferase activity in this high 
throughput assay can be confirmed by direct measurement 
of the endogenous JNK3 protein (by Western blotting) and 

10 JNK3 mRNA (by Northern blotting) using methods known in 
the art (for example, see Ausubel et al . , Current 
Protocols in M olecular Biology . John Wiley & Sons, 1994) . 

Candidate inhibitory compounds can be tested 
further in cell or tissue cultures as well as animal 

15 models. For example, cells expressing JNK3 are incubated 
with a test compound. Lysates are prepared from treated 
and untreated cells and Western blotted according to 
known methods. The blots are probed with antibodies 
specific for JNK3 . A decrease in the amount of JNK3 

2 0 expression in cultures treated with the test compound 
compared to untreated controls indicates that the test 
compound is a candidate for a drug to treat disorders 
associated with JUK3 expression. 

Assays for Compounds that Interfere with JNK3/JNK3 

2 5 Substrate Interactions 

Molecules that disrupt the interaction between 
JNK3 and its substrates can be identified using assays 
that detect protein-protein interactions. For example, 
the yeast two-hybrid method detects protein interactions 

3 0 in vivo. However, an in vitro: assay is preferable 

because candidate molecules may not be permeable to the 
yeast cell wall. An example of an in vitro assay for 
such test molecules that disrupt., the interaction between 
JNKC3 and a substrate includes the use of immobilized 



BNSDOCI0:<WO 9918193A1> 



WO 99/18193 



PCT/US98/20904 



- 20 - 

JNK3 or immobilized substrate (e.g., c-Jun) and 
incubation of the immobilized component with cell lysates 
or purified proteins in the presence and absence of a 
test molecule. . In general, the test molecule is tested 
5 over a range of a 10 0 fold molar excess over the most 

abundant component (e.g., the component immobilized or in 
solution). If the test . molecule is predicted to interact 
with the immobilized component of the assay, then it can 
be pre -incubated with that component before adding the 

10 cell lysate or purified protein. After washing away 
unbound material, the bound proteins are detected with 
antibodies (e.g., ELISA or Western blot) or through the 
use of labeled proteins (e.g. radioactive or fluorescent) 
using methods known in the art. Test molecules that 

15 ^decrease the amount of substrate bound to JNK3 are thus 
.•^identified as molecules that interfere with JNK3/JNK3 
; substrate interactions . 

Assays for Compounds that Ameliorate the Effects of JNK3 
in vivo 

Compounds identified as above, or other candidate 
compounds that inhibit JNK3 activity in vitro may be 
useful for treating disorders involving JNK3 activity. 
These compounds can be tested in in vivo assays, for 
example, in animal models of disorders involving JNK3 
activity. For example, transgenic mouse models of ALS 
have been described (Bruijn and Cleveland, Neuropathol . 
Appl . Neurobiol. 22:373-387, 1996; Dal Canto and Gurney, 
Brain Res. 67.6:. 25-4.0, 1995; Cleveland et _ al . , Neurology 
47: Suppl 2, S54-61) as have transgenic models of 
Alzheimer's, disease such as the PDAPP mouse and others 
(for examples, see Loring et al . , Neurobiol. Aging 
17:173-182,. 1996) . MPTP ( 1.- methyl -4 -phenyl - 1 , 2 , 3 , 6 - 
tetrahydropyridine) -induced dopaminergic- neurotoxicity 
has been used as a model for Parkinson's disease in 



25 
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rodents and nonhuman primates (for example, Przedborski 
et al., Proc. Nat'l. Acad. Sci . USA 93:4565-4571, 1996). 

Test compounds predicted to inhibit JNK3 activity 
are administered to animals, e.g., as described above, 
5 that serve as models for the various disease paradigms. 
•Treated animals are then assayed for inhibition of JNK3 
activity. Such assays may be indirect or inferential, 
for example, improved health or survival of the animal 
indicates the efficacy of a test compound. Assays can 

10 also be direct, for example, a decrease in JNK3 or c-Jun 
expression can be measured by Northern analysis of neural 
tissue removed from an animal treated with a test 
compound. A decrease in the amount of JNK3 mRNA present 
in the sample from treated animals compared to untreated 

15 controls indicates that the test compound is inhibiting 
JNK3 expression. A decrease in the amount of. c-Jun 
indicates that the test compound is inhibiting JNK3 
expression or activity. 



20 



Antisense Constructs and Therap i pr 

Treatment regimes based on an "antisense" approach 
involve the design of oligonucleotides (either DNA or 
RNA) that are complementary to' JNK3 mRNAs . These 
oligonucleotides bind to the complementary mRNA 
transcripts and prevent translation. Absolute 
25 complementarily, although preferred, is not required; A 
sequence "complementary" to a portion of an RNA, as 
referred to herein, is a sequence sufficiently 
complementary to be able to hybridize with the RNA, 
forming a stable duplex; in the case of double- stranded 
3 0 antisense nucleic acids, a single strand. of the duplex 
DNA may be tested, or triplex formation may be assayed. 
The ability to hybridize will depend on- both the degree 
of complementarity and the length of the antisense 
nucleic acid. Generally, the longer the hybridizing 
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nucleic acid, the more base mismatches with an RNA it may 
. contain and still form a stable duplex (or triplex, as 
the case may be) . One skilled in the art can ascertain a 
tolerable degree of mismatch by use of standard 
5 procedures to determine the melting point of the 
hybridized complex. 

Oligonucleotides that are complementary to the 
5' end of the message, e.g., the 5' untranslated 
sequence,, up to and including the AUG initiation codon, 
10 are generally most efficient for inhibiting translation. 
However, sequences complementary to the 3' untranslated 
sequences of mRNAs have also been shown to be effective 
for inhibiting translation (Wagner, Nature, 3 72:333, 
. .1984) .. Thus, oligonucleotides complementary to either 
15 Jthe 5' or 3' non- translated, non-coding regions of a JNK3 
could be used in an antisense approach to inhibit 
translation of the endogenous human homolog of JNK3 mRNA. 
Oligonucleotides complementary to the 5' untranslated 
region of the mRNA should include the complement of the 
20 AUG start codon. Examples of candidate antisense 
-.sequences for the 5' and 3' regions are; 

5/-AAG AAA TGG AGG CTC ATA AAT ACC ACA GCT-3' (SEQ ID 
NO: 17) and 5 ' - ATT GGA AGA AGA CCA AAG CAA GAG CAA CTA- 
3' (SEQ ID NO: 18) , respectively. 
25 While antisense nucleotides complementary to the 

coding region of a JNK3 gene could be used, those 
complementary to transcribed untranslated regions are 
most preferred. Examples of this type of candidate 
sequence are 5' -TAA GTA AGT AGT GCT GTA TGA ATA CAG ACA- 
3 0 3/ (SEQ ID N0:*19) and 5'-TAC.TGG CAA TAT ATT ACA GAT GGG 
TTT ATG-3' (SEQ ID NO:20) . 

Antisense . oligonucleotides complementary to mRNA 
coding regions are less efficient inhibitors of 
translation,, but could be used in accordance with the 
3 5 invention. Whether designed to hybridize to the 
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5', 3', or coding region of a JNK3 mRNA, antisense 
nucleic acids should be at least six nucleotides in 
length, and are preferably oligonucleotides ranging from 
6 to about 50 nucleotides in length. In specific 
5 aspects, the oligonucleotide is at least 10 nucleotides, 
or at least 5 0 nucleotides in length. 

Regardless of the choice of target sequence, 
in vitro studies are usually performed first, to assess 
the ability of an antisense oligonucleotide to inhibit 
10 gene expression. In general, these studies utilize 
controls that distinguish between antisense gene 
inhibition and nonspecific biological effects of 
oligonucleotides. In these studies levels of the target 
RNA or protein are usually compared with that of an 
15 internal control RNA or protein. Additionally, it is 
envisioned that results obtained using the antisense 
oligonucleotide are compared with those obtained using a 
control oligonucleotide. It is preferred that the 
control oligonucleotide is of approximately the same 
2 0 length as the test oligonucleotide, and that the 

nucleotide sequence of the oligonucleotide differs from 
the antisense sequence no more than is necessary to 
prevent specific hybridization to the target sequence. 
The oligonucleotides can be DNA or RNA, or 
25 chimeric mixtures or derivatives or modified versions 
thereof, single -stranded or double-stranded. The 
oligonucleotide can be modified at the base moiety, sugar 
moiety, or phosphate backbone , for example, to improve 
stability of the molecule or hybridization. The 
30 oligonucleotide may include other - appended groups such as 
peptides (e.g., for targeting host cell receptors 
in vivo) , or agents facilitating transport across the 
cell membrane (as described,, e.g., in Letsinger et al . , 
Proc. Natl. Acad. Sci . . USA 86:6553, 198 9; Lemaitre 
35 et al., Proc. Natl. Acad. Sci. USA 84:648, 1987; PCT 
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Publication No. WO 88/09810) or the blood-brain barrier 
(see, for example, PCT Publication No. WO 89/10134), or 
hybridization- triggered cleavage agents (see, for 
example, Krol et al . , BioTechniques 6:958, 1988), or 
5 intercalating agents (see, for example, Zon, Pharm.. Res. 
5:539, 1988) . To this end, the oligonucleotide can be 
conjugated to another molecule, e.g., a peptide, 
hybridization-triggered cross-linking agent, transport 
agent, or hybridization- triggered cleavage agent. 

10 The antisense oligonucleotide may comprise at 

least one modified base moiety which is selected from the 
group including, but not limited to, 5-f luorouracil, 
5-bromouracil , 5-chlorouracil, 5-iodouracil , 
hypoxanthine , xantine, 4 -acetylcytosine , 5- 

15 -(carboxyhydroxylmethyl) uracil, 5- 

carboxymethy laminomethyl - 2 - thiour idine , 5 - carboxymethy 1 - 
aminomethyluracil, dihydrouracil , beta-D- 
galactosylqueosine, inosine, N6-isopentenyladenine, 

1- methylguanine, 1-methylinosine , 2 , 2 -dimethylguanine , 
2 0 2 -methyladenine, 2 -methylguanine , 3 -methylcytosine, 

^i-methylcytosine, N6 -adenine, 7 -methylguanine, 
"5 -methyl aminomethyluracil , 5-methoxyaminomethyl- 

2- thiour acil , beta-D-mannosylqueosine , 

5 ' -methoxycarboxymethyluracil , 5 -methoxyuracil , 

2 5 2 -methyl thio-N6 - isopentenyl adenine , uracil - 5 -oxyacet ic 

acid (v) , wybutoxosine, pseudouracil , queosine, 
2 - thiocytosine , 5 -methyl -2 - theouracil , 2 - thiouracil , 4 - 
thiouracil, 5-methyluracil , uracil- 5 -oxyacetic acid 
methylester, uracil -5 -oxyacetic acid (v) , 5-methyl- 
30 2 -thiouracil , 2- (3 -amino-3 -N-2 -carboxypropl) uracil, 
(acp3)w, and 2 , 6-diaminopurine . 

-The antisense oligonucleotide can also comprise at 
least one modified sugar moiety selected from the group 
including., but not limited to, arabinose, 

3 5 2 - f luoroarabinose , xylulose, and hexose . 
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The antisense oligonucleotide can also include at 
least one modified phosphate backbone selected from the 
group consisting of a phosphorothioate, a 
phosphorodithioate , a phosphoramidothioate , a 
5 phosphoramidate, a phosphordiamidate , a 

methylphosphonate, an alkyl phosphotriester , and a 
formacetal, or an analog of any of these backbones. 

The antisense oligonucleotide can include an 
a-anomeric oligonucleotide. An Qf-anomeric 

10 oligonucleotide forms specific double -stranded hybrids 
with complementary RNA in which, contrary to the usual 
/3-units, the strands run parallel to each other (Gautier 
et al., Nucl. Acids. Res. 15:6625, 1987). The 
oligonucleotide is a 2 ' -O-methylribonucleotide (Inoue 

15 et al., Nucl. Acids Res. 15:6131, 1987), or a chimeric 
RNA-DNA analog (Inoue et al . , FEBS Lett. 215:327, 1987). 

Antisense oligonucleotides of the invention can be 
synthesized by standard methods known in the art, e.g., 
by use of an automated DNA synthesizer (such as are 

20 commercially available from Biosearch, Applied 

Biosystems, etc.). As examples, phosphorothioate 
oligonucleotides can be synthesized by the method of 
Stein et al . (Nucl. Acids Res. 16:3209, 1988), and 
methylphosphonate oligonucleotides can be prepared by use 

25 of controlled pore glass polymer supports (Sarin et al . , 
Proc. Natl. Acad. Sci . USA 85:7448, 1988). 

The antisense molecules should be delivered to 
cells that express JNK3 proteins in vivo. A number of 
methods have been developed for delivering antisense DNA 

30 or RNA to cells; e.g., antisense molecules can be 
injected directly into the tissue site, or modified 
antisense molecules, designed to target the desired cells 
(e.g., antisense linked to peptides or antibodies that 
specifically bind receptors or antigens expressed on the 

35 target cell surface) can be administered systemically . 
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However, it is often difficult to achieve 
intracellular concentrations of the antisense molecule 
sufficient to suppress translation of endogenous mRNAs. 
Therefore, an approach may be used in which a recombinant 
5 DNA construct comprises an antisense oligonucleotide 
placed under the control of a strong pol III or pol II 
promoter. The use of such a construct to transfect 
target cells in a patient will result in the 
transcription, of sufficient amounts of single stranded 

10 RNAs that will form complementary base pairs with the 
endogenous JNK3 transcripts and thereby prevent 
translation of that mRNA. For example, a vector can be 
introduced in vivo such that it is taken up by a cell and 
directs the transcription of an antisense RNA. Such a 

15 vector can remain episomal or become chromosomally 

integrated, as long as it can be transcribed to" produce 
the desired antisense RNA. 

Such vectors can be constructed by recombinant DNA 
technology methods standard in the art . Vectors can be 

20 plasmid, viral, or others known in the art, used for 
replication and expression in mammalian cells. 
Expression of the sequence encoding the antisense RNA can 
be by any promoter known in the art to act in mammalian, 
preferably human cells. Such promoters can be inducible 

25 or constitutive. Suitable promoters include, but are not 
limited to: the SV4 0 early promoter region (Bernoist 
et al . , Nature 290:304, 1981); the promoter contained in 
the 3 ' long terminal repeat of Rous sarcoma virus 
(Yamamoto et al . Cell 22 :787-797, 1988); the herpes 

30 thymidine kinase promoter (Wagner et al .- , Proc. Natl. 
Acad. Sci. USA 78:1441, 1981); and the regulatory 
sequences of the metallothionein gene (Brinster et al.. , 
Nature 296:39,. 1988).. Constructs may also be contained 
on an artificial chromosome (e.g. r . mammalian artificial 
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chromosome; MAC; Harrington et al . , Nature Genet. 15:345- 
355, 1997) . 

The production of a JNK3 antisense nucleic acid 
molecule by any gene therapeutic .approach described above 
5 results in a cellular level of JNK3 protein that is less 
than the amount present in an untreated individual . 

Ribozvmes 

Ribozyme molecules designed to catalytically 
cleave JNK3 mRNAs can also be used to prevent translation 

10 of these mRNAs and expression of JNK3 mRNAs (see, e.g., 
PCT Publication WO 90/11364; Saraver et al . , Science 
247:1222, 1990). While various ribozymes that cleave 
mRNA at site- specif ic recognition sequences can be used 
to destroy specific mRNAs, the use of hammerhead 

15 ribozymes is preferred. Hammerhead ribozymes cleave 

mRNAs at locations dictated by flanking regions that form 
-complementary base pairs with the target mRNA. The sole 
- requirement is that the target mRNA have the following 
sequence of two bases: 5'-UG-3'. The construction and 

2 0 production of hammerhead ribozymes is well known in the 
art (Haseloff et al . , Nature 334:585, 1988). Preferably, 
the ribozyme is engineered so that the cleavage 
recognition site is located near the 5' end of the JNK3 
mRNA, i.e., to increase efficiency and minimize the 

25 intracellular accumulation of non- functional mRNA 
transcripts . 

Examples of potential ribozyme sites in human JNK3 
include 5'-UG-3' sites which correspond to the initiator 
methionine codon at, for example, in. human JNK3 , about 
30 nucleotides 224-226, the codon for a downstream potential 
initiation site (nucleotides 338-340) , and additional 
codons in the coding region, including nucleotides 698- 
.670; 740-742; and 935-937. 
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The ribozymes of the present invention also 
include RNA endoribonucleases (hereinafter "Cech-type 
ribozymes") / such as the one that occurs naturally in 
Tetrahyiiiena Thermophila (known as the IVS or L-19 IVS 
5 RNA) , and which has been extensively described by Cech 
and his collaborators (Zaug et al . , Science 224:574, 
1984; Zaug et al . , Science, 231:470, 1986; Zug et al . , 
Nature 324:429, 1986; PCT Application No. WO 88/04300; 
and Been ,et al . , Cell 47:207, 1986). The Cech-type 
10 ribozymei have an eight base -pair sequence that 

hybridizes to a target RNA sequence, whereafter cleavage 
of the target RNA takes place. The invention encompasses 
those Cech-type ribozymes that target eight base-pair 
•active site sequences present in JNK3 proteins. 
15 ~" As in the antisense approach, the ribozymes can be 

^composed of modified oligonucleotides (e.g., for improved 
"'" stability, or targeting) , and should be delivered to 

cells which express a JNK3 gene in vivo, e.g., the brain 
and spinal cord. A preferred method of delivery involves 
20 using a DNA construct "encoding" the ribozyme under the 
control of a strong constitutive pol III or pol II 
promoter, so that transfected cells will produce 
sufficient quantities of the ribozyme to destroy 
endogenous JNK3 mRNAs and inhibit translation. Because 
25 ribozymes, unlike antisense molecules, are catalytic, a 
lower intracellular concentration is required for 
efficiency. 

For any of the above approaches, the therapeutic 
JNK3 antisense or ribozyme nucleic acid molecule 
3 0 construct is preferably applied directly to the target 
area (e.g. ," the focal .site 'of activity in a seizure 
disorder, the hippocampus in Alzheimer's disease, the 
substantia, nigra in patients with Parkinson's disease), 
but can also be applied to tissue in the vicinity of the 
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target area or even to a blood vessel supplying the 
target area . 

For gene therapy, ant i sense, or ribozyme JNK3 
expression is directed by any suitable promoter (e.g., 
5 the human cytomegalovirus, simian virus 40, or 
metallothionein promoters) , and its production is 
regulated by any desired mammalian regulatory element. 
For example, if desired, enhancers that direct 
preferential gene expression in cells under excitotoxic 

10 induction can be used to direct antisense JNK3 expression 
in a patient with a seizure disorder. 

JNK3 antisense or ribozyme therapy is also 
accomplished by direct administration of the antisense 
JNK3 or ribozyme RNA to a target area. This mRNA can be 

15 produced and isolated by any standard technique, but is 
most readily produced by in vitro transcription using an 
antisense JNK3 DNA under the control of a high efficiency 
promoter (e.g., the T7 promoter). Administration of 
antisense JNK3 RNA to target cells is carried out by any 

2 0 of the methods for direct administration of therapeutic 
compounds described herein. 

Methods of Treating Disorders Involving JNK3 Expression 
or Activity 

The invention also encompasses the treatment of 
2 5 disorders, especially in mammals, such as humans, in 

which JNK3 plays a damaging role. A number of disorders 
or the nervous system involving excitotoxicity , such as 
seizure disorders (e.g., epilepsy), dementias such as 
meurodegenerative disorders (e.g. r Alzheimer's disease, 
30 Huntington disease) , cerebrovascular disorders such as 
ischemia, motor neuron disease (including ALS) , injuries 
caused by extreme heat or cold, trauma (e.g., 
irradiation, spinal cord injury, pressure, and ionic 
imbalance), metabolic imbalance (e.g., hypoglycemia) and 
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Parkinson's disease, can be treated by the methods 
described herein. Without limiting the invention by 
committing to any particular theory, a substantial number 
of neurologic disorders are attributable, at least in 
5 part, to excitotoxicity which is mediated by the JNK3 

pathway. Thus, inhibitors of this pathway, identified as 
described above, are useful for treatment of disorders 
involving excitotoxicity. 

Therapy can be designed to reduce the level of 

10 endogenous JNK3 gene expression, e.g.., using ant i sense or 
ribozyme approaches to inhibit or prevent translation of 
a JNK3 mRNA; triple helix approaches to inhibit 
transcription of the gene; or targeted homologous 
recombination to inactivate or "knock out" a gene or its 

15 endogenous promoter. The ant i sense, ribozyme, or DNA 

constructs described herein can be administered directly 
*-;t-o the site containing the target cells; e.g., specific 
regions of the brain or the spinal cord. Antibodies or 
fragments of antibodies that recognize JNK3 or a JNK3 

2 0 substrate, and that have been modified to be expressed or 

otherwise enter the cell can also be used 
therapeutically. 

Effective Dose 

Toxicity and therapeutic efficacy of the compounds 
25 of the invention, e.g., compounds that modulate JNK3 
expression or activity, can be determined by standard 
pharmaceutical procedures, using either cells in culture 
or experimental animals to determine the LD 50 (the dose 
lethal to 50% of the population) and the ED 50 (the dose 

3 0 therapeutically effective in 50% of the population) . The 

dose ratio between toxic and therapeutic effects is the 
therapeutic index and it can be expressed as- the ratio 
LD 50 /ED S0 . Polypeptides or other compounds that exhibit 
large therapeutic indices are preferred. While compounds 
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that exhibit toxic side effects may be used, care should 
be taken to design a delivery system that targets such 
compounds to the site of affected tissue to minimize 
potential damage to uninfected cells and, thereby, reduce 
5 side effects. 

The data obtained from the cell culture assays and 
animal studies can be used in formulating a range of 
dosage for use in humans . The dosage of such compounds 
lies preferably within a range of circulating 

10 concentrations that include the ED 50 with little or no 
toxicity. The dosage may vary within this range 
depending upon the dosage form employed and the route of 
administration utilized. For any compound used in the 
method of the invention, the therapeutically effective 

15 dose can be estimated initially from cell culture assays. 
A dose may be formulated in animal models to achieve a 
circulating plasma concentration range that includes the 
IC 50 (that is, the concentration of the test compound 
which achieves a half -maximal inhibition of symptoms) as 

20 determined in cell culture. Such information can be used 
to more accurately determine useful doses in humans. . 
Levels in plasma can be measured, for example, by high=, 
performance liquid chromatography. 

Formulations and Use 

2 5 Pharmaceutical compositions for use in accordance 

with the present invention can be formulated in 
conventional manner using one or more physiologically 
acceptable carriers or excipients. 

Thus, the compounds and their physiologically 

3 0 acceptable salts and solvates may be formulated for 

administration by inhalation or insufflation (either 
through the mouth- or the nose) or oral, buccal, 
parenteral or rectal administration.. 
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For oral administration, the pharmaceutical 
compositions may take the form of, for example, tablets 
or capsules prepared by conventional means with 
pharmaceutically acceptable excipients such as binding 
5 agents (for example, pregelatinised maize starch, 

polyvinylpyrrolidone or hydroxypropyl methylcellulose) ; 
fillers (for example, lactose, microcrystalline cellulose 
or calcium hydrogen phosphate) ; lubricants (for example, 
magnesium stearate, talc or silica) ; disintegrants (for 
10 example, potato starch or sodium starch glycolate) ; or 
wetting agents (for example, sodium lauryl sulphate) . 
The tablets may be coated by methods well known in the 
art. Liquid preparations for oral administration may 
take the form, of , for example, solutions, syrups or 
15 --suspensions, or they may be presented as a dry product 
•for constitution with water or other suitable vehicle 
before use. Such liquid preparations may be prepared by 
* conventional means with pharmaceutically acceptable 

f additives such as suspending agents (for example, 

r 20 -sorbitol syrup, cellulose derivatives or hydrogenated 

-edible fats); emulsifying agents (for example,- lecithin 
or. -"acacia) ; non-aqueous vehicles (for example, almond 
oil, oily esters, ethyl alcohol or fractionated vegetable 
oils) ; and preservatives (for example, methyl or propyl - 

2 5 p-hydroxybenzoates or sorbic acid) . The preparations may 

also contain buffer salts, flavoring, coloring and 
sweetening agents as appropriate. Preparations for 

oral administration may be suitably formulated to give 
controlled release of the. active compound. 
30 For buccal administration the compositions may 

take the form of tablets or lozenges formulated in 
conventional manner. 

The preferred methods of administering the 
compositions of the invention are by direct delivery of 

3 5 the compounds to the central nervous system, 
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preferentially to the brain, especially near to or 
directly at the site of the disorder, e.g., the 
hippocampus in the case of Alzheimer's disease, the 
substantia nigra in the case of Parkinson's disease, and 
5 the focal site for seizure disorders. Accordingly, 

administration may be into a ventricle, intrathecal, or 
intracerebral ventricular. For example, an Omaya 
reservoir- shunt with in-line filter can be surgically . 
placed into the cisternal space. A therapeutic compound 

10 in an appropriate excipient (e.g., phosphate-buffered 
saline) is instilled into the shunt by injection on a 
prescribed basis. 

For administration by inhalation, the compounds 
for use according to the present invention are 

15 conveniently delivered in the form of an aerosol spray 
presentation from pressurized packs or a nebulizer, with 
the use of a suitable propellant, for example, 
dichlorodif luoromethane , trichlorof luoromethane, 
dichlorotetraf luoroethane, carbon dioxide or other 

20 suitable gas. In the case of a pressurized aerosol the 
dosage unit may be determined by providing a valve to 
deliver a metered amount. Capsules and cartridges of, 
for example, gelatin for use in an inhaler or insufflator 
may be formulated containing a powder mix of the compound 

2 5 and a suitable powder base such as lactose or starch. 

The compounds can be formulated for parenteral 
administration by injection, for example, by bolus 
injection or continuous infusion. Formulations for 
injection may be presented in unit dosage form, for 

3 0 example, in ampoules or in multi-dose containers, with an 

added preservative. The compositions may take such forms 
as suspensions, solutions or emulsions in oily or aqueous 
vehicles, and may contain formulatory agents such as 
suspending, stabilizing and/or dispersing agents. 
3 5 Alternatively, the active ingredient may be in powder 
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form for constitution with a suitable vehicle, for 
example, sterile pyrogen- free water, before use. 

The compounds can also be formulated in rectal 
compositions such as suppositories or retention enemas, 
5 for example, containing conventional suppository bases 
such as cocoa butter or other glycerides. 

In addition to the formulations described 
previously, the compounds may also be formulated as a 
depot preparation. Such long acting formulations may be 
10 administered by implantation (for example subcutaneous ly 
or intramuscularly) or by intramuscular injection. Thus, 
for example, the compounds may be formulated with 
suitable polymeric or hydrophobic materials (for example 
as an emulsion in an acceptable oil) or ion exchange 
15 resins, or as sparingly soluble derivatives, for example, 
£as a sparingly soluble salt . 

The compositions may, if desired, be presented in 
a pack or dispenser device which may contain one or more 
unit dosage forms containing the active ingredient . The 
20 pack may for example comprise metal or plastic foil, such 
;as a blister pack. The pack or dispenser device may be 
- ^accompanied by instructions for administration. 

The therapeutic compositions of the invention can 
also contain a carrier or excipient, many of which are 
25 known to skilled artisans. Excipients which can be used 
include buffers (for example, citrate buffer, phosphate 
buffer, acetate buffer, and bicarbonate buffer) , amino 
acids, urea, alcohols, ascorbic acid, phospholipids, 
proteins (for example, serum albumin) , EDTA, sodium 
3 0 chloride, liposomes, mannitol, sorbitol, and glycerol. 
The nucleic acids, polypeptides, antibodies, or 
modulatory compounds of the invention can be administered 
by any standard route of administration. For example, 
administration can be parenteral, intravenous, 
3 5 subcutaneous, intramuscular, intracranial, intraorbital, 
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opthalmic , intraventricular , intracapsular , intraspinal , 
intracisternal, intraperitoneal, transmucosal , or oral. 
The modulatory compound can be formulated in various 
ways, according to the corresponding route of 
5 administration. For example, liquid solutions can be 
made for ingestion or injection; gels or powders can be 
made for ingestion, inhalation, or topical application. 
Methods for making such formulations are well known and 
can be found in, for example, "Remington's Pharmaceutical 
10 Sciences." It is expected that particularly useful 
routes of administration will be nasal or by direct 
infusion into the central nervous system. 

EXAMPLES 
Example 1. JNK3 Expression 

15 A 351 -bp sequence derived from the 5' region of 

the mouse JNK3 cDNA (nucleotides 62-412.) was labelled 
with [ 32 P] by random priming and used as a probe to 
determine the tissue expression pattern of the JNK3 gene. 
Northern blot analysis was performed by standard methods 

20 on 2 mg samples of poly (A) * mRNA isolated from testis, 

kidney, skeletal muscle, liver, lung, spleen, brain, and 
heart. All Northern blots were probed with [ 32 P] -labelled 
/3-actin as a. control to ensure loading of similar amounts 
of RNA in each lane. A strong signal corresponding to a 

25 2 . 7 kb transcript, as well as a weak signal corresponding 
to a 7.0 kb transcript, were detected in brain. A weak 
signal corresponding to a 2 . 7 kb transcript was also 
detected in the heart. A signal corresponding to a 2.4 
kb transcript was de.tected in the testis. JNK3 

3 0 expression was not detected in the other tissues 
examined . 

In situ hybridization analysis has indicated that 
JNK3 is expressed in many regions of the brain (Martin et 
al . , supra) . Total RNA (10 mg) was' therefore isolated 
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from different regions of mouse brain (cerebellum, 
cerebral cortex, hippocampus , midbrain, thalamus, and 
brainstem) using the TRIzol reagent (Gibco-BRL) , and 
analyzed by Northern blot using the JNK3 probe described 
5 above. A signal corresponding to a 2 . 7 kb transcript was 
detected in all sections of the brain examined, and was 
most abundant in the hippocampus . 

Example 2 . Targeted Disruption of the JNK3 Gene 

To generate JNK3 -deficient mice, a targeting 

10 vector was designed to replace an internal 4 kb Mscl-Spel 
JNK3 genomic fragment with a PGKneo cassette. A map of 
the JNK3 gene, the JNK3 targeting vector, and the 
predicted structure of the mutated JNK3 gene are shown 
diagrammatically in Fig. 6. Restriction enzyme sites are 

15 indicated (B, BamHI ; Hp, Hpal ; M, MscI; Nco, Ncol; R, 

EcoRI; Spe, Spel) . A 10-kb Notl-EcoRI (the NotI site was 
vector-derived) JNK3 fragment was cloned from a X FixII 
phage library of a 129/Sv mouse strain (Stratagene Inc.) . 
The targeting vector was constructed by inserting a 4.0 

2 0 kb MscI fragment from the 5' end of the JNK3 genomic 

..fragment , a 1.6 kb PGK-neo cassette (Negishi et al . , 
Nature 376:435-438, 1995) and a 1.8-kb Spel-Ncol fragment 
of the 3 ' end of the JNK3 fragment into pBluescript KS 
vector (Stratagene Inc.) using appropriate linkers. The 
25 targeting vector contains a 2.6-kb PGK tk cassette 

(Negishi et al . , supra) flanking the 5' end of the JNK3 
genomic sequence for negative-selection of mutant ES 
cells (Mansour et al . , 336:348-352, 1988). The region 
replaced in the JNK3 gene by the targeting vector 

3 0 encompasses one and a half.exons encoding amino acids 211 

to 267 of JNK3 (as shown in Fig. 5B) . This region, 
includes the tripeptide . dual phosphorylation motif Thr- 
Pro-Tyr (TPY) that is characteristic of the JNK group and 
required for protein kinase activity (Derijard et al . , 
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supra) . The two hatched boxes shown in the JNK3 locus 
correspond to subdomains vin and IX (encoding amino acid 
residues 189-267 in the ^ prQtein ^ ^ ^ ^ ^ 

The targeting vector was linearized with Not I and 
electroporated into W9 . 5 embryonic stem (ES) cells 
Genomic DNA from transf ectants resistant to G418 (200 
mg/ml) (Gibco BRL) and gancyclovir (2 mM, (Syntex, Pala 
Alto, CA) were isolated and screened by Southern blot 
analysis. Southern, blot analysis of 104 independent 
G418- and gancyclovir-resistant clones revealed three 
clones containing the design v>^ m ~i 

y une aesired homologous recombination 

event (targeting frequency 2.9%) . chimeric mice were - 
generated by injecting these ES cells into C57BL/6 (B6) 
15 .mouse blastocysts. 

Southern blots of EcoRi -restricted DNA derived 
■from the tails of these chimeric mice were probed with 
the radiolabeled 351 bp JNK3 probe. EcoRI digestion 

20 " " ^ ^ <™P° n <^ to the wild-type 

20 (endogenous allele), and a 4.2 Kb band corresponding^ 
the mutant (disrupted allele) . 

Two clones mediated germline transmission of the 
dxsrupted JNK3 allele into the next generation of mice 
Heterozygotes ( + /-) were intercrossed to generate 
25 homozygous mutant mice (-/-, that were identified 
Southern blot analysis of genomic DNA. Total RNA 
isolated from mouse brain was examined by Northern blot 
analysis. The blot was probed with a random-primed »p- 
labeled mouse JNK3 cDNA probe, then stripped and 
3 0 sequentially reprobed with mouse 0NK1 and 0-actin cDNA 
probes. The major JNK3 transcript in brain is 2.7 kb 
and the JNKl transcripts in .mouse brain are 2.3 and 4 \ 
kb. Blots hybridized with a JNK3 cDNA probe detected' 

transcripts in wild-type ( + / + ) hi,*- ™f • u 

/p bu t not in homozygous 

35 knockout -/-). mice. 
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Reverse transcriptase-polymerase chain reaction 
(RT-PCR) analysis was used to confirm that JNK3 
transcripts were absent in the homozygous JNK3 (-/-) 
brain. A JNK1 probe (44 7 bp) was amplified from mouse 
5 brain RNA by RT-PCR (Yang et al . , supra) using the 
amplimers 

5 ' -GTGTGCAGCTTATGATGCTATTCTTGAA- 3 ' ( SEQ ID NO : 2 1 ) and 
5' CGCGTCACCACATACGGAGTCATC - 3 ' (SEQ ID NO: 22) . RT-PCR 
detection (Yang et al . , supra) of JNK3 mRNA in mouse 

10 tissues was performed by RT-PCR using the amplimers: 
5 ' - CTGGAGGAGTTCCAAGATGTCTACT- 3 ' ( SEQ ID NO : 2 3 ) and 
5 ' -TGGAAAGAGCTTGGGGAAGGTGAG-3 ' (SEQ ID NO: 24) to yield a 
specific 537 bp DNA product. RNA isolated from mouse 
brain was amplified with primers specific for HPRT as a 

15 control. These experiments confirmed the absence of JNK3 
transcripts in the homozygous JNK3 (-/-) brain. 

Protein kinase assays were performed to show that 
JNK3 (-/-) mouse brain was deficient in JNK3 activity. 
In these experiments, JNK3 kinase activity in. brain 

2 0 lysates was measured after immunodeletion of JNK1 and 

JNK2 by in-gel protein kinase assays using the substrate 
GST-cJun (Derijard et al . , supra). When mouse 
hippocampal lysates (30 fig) from wild type (+/ + ) and 
homozygous knockout (-/-) brains were assayed, the 55 kD 
25 and 46 kD JNK3 isoforms were detected in wild type but 
not JNK3 (-/-) mice, confirming that JNK3 
(-/-) mouse brain was deficient in JNK3 kinase activity. 
Together, these data demonstrate that the targeted 
disruption of the JNK3 gene resulted in a null allele. 

3 0 The JNK3 (-/-). mice were fertile and of. normal 

size. Histological surveys of a variety of tissues . .. 
revealed no apparent abnormality using hematoxylin and 
eosin (H & E) staining of heart, lung, thymus, spleen, 
lymph nodes, liver, kidney, and skeletal muscle. - JNK3 ( - 
3 5 /-) and wild- type mouse brains were examined by 
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immunocytochemical analysis of a pyramidyl neuronal 
marker <„AP- 2) , interneuronal markers calbindin and 
paralbumin, an astrocyte marker (alia! fibrillary acidic 
protein; GFAP ; Hsu et al t »<„,. u c 

5 5 » „„„ L ' J - Hls t°chem. Cytochem. 

5 29,977-580. 1981), and Nissl's staln (Hsu >t 

These studies revealed that mice had appa ^ y 

normal development and structural organization of the 
ifthe ,* C °" Parable o£ ""or neurons were found 

10 215 o 2300 nUClSUS ^ Wild " tyPe ««»"<-/-> mice 
(2150-2300 neurons per nucleus at postnatal day 10 n-4) 

The neurons were identified by morphology and were ' 

counted by a double-blind assay of serial sections 

IT T°h U us th tV aclal nuclei of wild - cype and *■=<-/-> 

mice. Thus, there is no apparent developmental 
abnormality, including cell death, in JNK3 (-/-, mice . 

- Indued stini,,, ™»- 

JNK3 ( -/- ) mice and their wild-type littermates 
were injected intraperitoneal^ wich 30 " 

20 to induce seizures (Ben-Ari, supra,. !n wild-typi Lee" 
the administration of KA first induced ..staring^pelj' 
«th abnormal body posture, then progressed to head 
nodding ( "wet-dog shakes" , . fore-paw tremor, rearing 

25 clZJ P ° StUral COn " 01 ' *"* «™-"»"y. oontinuou! 

convulsions. The seizure activities typically subsided 
one hour after infection. „ild- tyP e and heterozygous 
mice developed motor symptoms of seizures, including 
rearing, at 30 to 40 minutes post -injection. The ^K3 (- 
/-) mice, in contrast, ^eloped much milder symptoms 
30 mainly consisting of ..staring" spells and occalTonaT' 
myoclonic tremors. At this dose, JNK3 .<-/-, mice did not 
develop grand mal seizures and recovered much aster than 
did wild-type and heterozygous mice. otq,./., mi J ^ 
developed seizures of comparable severity to „ Id-type 
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mice only at higher dosages of KA (45 mg/kg, i.p.) . 
However, at this high dose of KA, more than 60% of wild- 
type mice died from continuous tonic clonic convulsions, 
while all of: the JNK3(-/-) mice survived. These results 
5 indicate that JNK3(-/-) mice were resistant to the effect, 
of the excitotoxin KA. Further, JNK3{-/-) mice recovered 
from the drug administration more rapidly than wild-type 
mice (Fig. 7). Seizure classifications as shown in Figs. 
7 and 8 are: 1, arrest of motion; 2, myoclonic jerks of 
10 the head and neck, with brief twitching movements; 3, 
unilateral clonic activity; 4, bilateral forelimb tonic 
and clonic activity; and 5, generalized tonic-clonic 
activity with loss of postural tone, often resulting in 
death. 

15 Example 4. Resistance to Pentetrazole (PTZ) -Induced 
Seizures 

Since the resistance to KA- induced seizures varied 
between littermates (+/+ and + /- are less resistant than 
-/- mice) , the observed differential susceptibility 
20 -cannot be attributed to a difference between mouse 

strains (Schauwecker and Steward, Proc . Nat. Acad. Sci. 
USA 94:4103-4108, 1997).. However, the resistance of 
JNK3 deficient mice to KA-induced seizures could be due 
to decreased drug penetration across the blood-brain 

2 5 barrier or an increased GABA (gamma-aminobutyric acid) 

inhibitory postsynaptic potential (IPSP) , or the ablation 
of a specific signal transduction pathway mediated by the 
JNK3 protein kinase.- To distinguish between these 
possibilities ,- the response of JNK3 (-/-) and wild-type 

3 0 mice to another epileptogenic agent, pentetrazole (PTZ) 

(Sigma) , was examined. PTZ was selected due to its 
ability to induce seizures by blocking the GABA-IPSPs 
(Ben-Ari et al . , Neurosci . 6:1361-1391, 1981). 
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JNK3<-/-) mice and wild-type littermates developed 
seizures of comparable severity at all tested dosages of 
PT2 (30, 40, 50, 60 mg/kg, i. p . ; Fig . fl) . 

5 2 , Sl ° W Pr ° greSSi0n ° f ^to^ seen in the 

KA-xnduced sexzures, PTZ induced abrupt general tonic- 
clonxc seizures within five minutes after injection 
presumably reflecting that its epileptogenic mechanxsm 
works solely through extracellularly inhibition of the 
GABA-IPSP Thus, the differential susceptibility to KA 
10 toxxcxty xn JN^-/-) mice can neither be explained as a 
consequence of poor drug delivery to the nervous system 
nor by potent GABA-IPSPs in the neural circuit 
Furthermore, we examined the expression of the kainate- 
type glutamate receptor subunits GluR5-7 (Pharmingen cat 
15 no. 60006E) by immunocytochemistry using standard 
methods . 

Pyramidal neurons in the hippocampal CA1 subfield 
were most prominently labeled by the Glu5-7 antibody 

20 ^V' 1 ^^ 6 ^ JNK3( - / -> showed prominently' 

20 labeled apical dendrites arising from lightly labeled 

somata in the CA1 subfield of the hippocampus, a pattern 
sxmxlar to the primate hippocampus (Good et al Brain 
Research 624:347-353, 1993) . In addition tQ 
subunxt G1UR5-7, the expression pattern of the GluRl 
•5 subunit that is essential to various glutamate receptor 
subtypes and the intracellular calcium-binding proteins 
paralbumin and calbindin that may buffer the influx of 

TkITT^I Ca !f Um WSre alS ° indisti ^uishable between 
JNK3<-/-> and wxld-type mice. Together, these results 
xndxcate no apparent structural abnormality that might be 
responsxble for the resistance of JNKSt-/-) mice to KA- 
xnduced excitotoxicity . 
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Example 5. Attenuation of KA-Induced Phosphorylation of 
c-Jun 

The systemic administration of KA in wild-type 
mice may induce a stress -response pathway mediated by the 
5 JNK3 protein kinase. To explore this possibility, the 
expression of the immediate-early genes c-fos and c-jun 
(Morgan et al . , Annu. Rev. Neurosci. 14:421-451, 1991; 
Smeyne et al . , Nature 363:166-169, 1993; Kasof et al., J. 
Neurosci. 15:4238-4249, 1995) was examined to determine 

10 whether KA imposed an equivalent level of noxious 

stimulation on wild-type and JNK3(-/-) mice. Total RNA 
was extracted from the hippocampi of mice sacrificed 
before and at 0.5, 2, 4, or 8 hours after KA injection 
(30 mg/kg, i.p.), and Northern blots were probed with 

15 murine c-fos and c-jun probes. The c-Jun probe was a 
2Q7bp fragment corresponding to nucleotides 888-1094 
:CFig. 9) of the murine c-Jun cDNA. The c-Fos probe was a 
347 bp fragment of the murine c-Fos gene (exon 4; base 
pairs 2593-2939) (Fig. 10) . Both JNK3(-/-) and wild type 

2 0 mice exhibited a comparable level of rapid induction of 
c-fos and c-jun transcripts, which gradually declined 
fojur hours after injection. 

To further define this phenomenon, the 
distribution of KA- induced c-Fos and c-Jun 

2 5 immunoreactivity along the synaptic circuit of the 
hippocampus was examined. In these experiments, 
homozygous mutant and control wild-type mice were killed 
and fixed by transcardial perfusion of 4% 
paraformaldehyde at 2 or 6 hours after the injection of 

30 KA (30 mg/kg, i.p.) . Brains from both groups were 
removed, post -fixed for one hour, and sectioned on a 
Vibratome (40 mm thick) . Tissue sections were processed 
by immunocytochemistry to detect the expression of c-Jun 
(Santa Cruz, cat# sc-45) , c-Fos (Santa Cruz, cat# sc-52) , 

35 and phospho- specif ic c-Jun (Ser-73) (New England Biolabs, 
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#9164S) . Sections were floated in a solution of the 
primary antibody (diluted 200X in PBS) and incubated 
overnight at room temperature. Secondary antibody 
incubation, avidin-biotin conjugated peroxidase 
5 (Vectastain Elite ABC kit, Vector Lab.), and DAB (3, 3'- 
diaminobenzidine, Sigma) reactions were performed using 
standard procedures (Hsu et al . , supra). In the absence 
of KA, there was no detectable c-Fos expression and only 
a few c- Jun-positive cells within the dentate gyrus. Two 

10 hours after KA injection (30 mg/kg, i.p.), there was a 
large increase in c-Fos immunoreactivity throughout the 
hippocampal region that was the same in both wild- type 
and JNK3(-/-) mice. Simultaneously, there was an 
increase in the number of c- Jun-positive cells in the 

15 dentate gyrus and the CA3 region of the hippocampus in 

both wild type and JNK3 ( - / - ) mice. By six hours after KA 
injection, the expression of c-Jun extended to the CA1 
region in both wild-type and JNK3(-/-) mice. The 
induction of c-Fos and C-Jun is generally accepted as an 

2 0 indicator of neuronal activity following noxious 

stimulation (Morgan et al . , supra). The comparable, 
induction level, time-course, and distribution of c-Jun 
and c-Fos-labeled cells suggests that JNK3(-/-) and wild 
type mice were subject to an equivalent level of noxious 
25 stress by systemic administration of KA. 

C-Jun is activated by phosphorylation of the Non- 
terminal activation domain by JNK. The expression of 
phosphorylated c-Jun provides another measure of whether 
JNK-like activity was present in JNK3(-/-) mice. The 

3 0 expression of phosphorylated c-Jun was examined using an 

antibody raised against c-Jun phosphorylated at Ser-73, 
one of the sites phosphorylated by JNK (Whitmarsh et al . , 
supra; Derijard et al . , supra; Kyriakis et al . , supra). 
Prior to challenge with KA, no cells were labeled by the 
35 antibody in either wild- type or JNK3(-/-) mice. By two 
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hours after KA injection, there was a high level of 
phosphorylated c-Jun in the dentate gyrus and the CA3/CA4 
region of the hippocampus in wild-type mice. In 
contrast, only a trace amount of phosphorylated c-Jun was 
5 detected in the JNK3(-/-) mice. Thus, there was either a 
decreased level or less sustained phosphorylation of c- 
Jun in the JNK3 ( - / - ) mice. 

In addition, there was a dynamic change of the 
distribution of phosphorylated c-Jun in the wild type 

10 mouse hippocampus. By six hours after KA injection, the 
expression of phosphorylated c-Jun subsided in the 
dentate gyrus and progressed to a restricted area in the 
hippocampal CA3 region. Under higher magnification, it 
was apparent that the expression of phosphorylated c-Jun 

15 surrounded a focus of cell destruction. In contrast, no 
labeling of phosphorylated c-Jun was detected in the 
JNK3(-/-) mice at the same time point. The hippocampal 
CA3 region is well documented as the most vulnerable 
structure to the KA excitotoxicity , presumably due to 

20 both a high KA binding affinity (Berger et al . , supra) 
and a potent excitatory synaptic connection between CA3 
pyramidal neurons (Westbrook et al . , Brain Research 
273:97-109, 1983). These results indicate that JNK3 is 
required for the phosphorylation of c-Jun induced by KA. 

2 5 Example 6. Attenuation of KA-Induced AP-1 
Transcriptional Activity 

Since the phosphorylation of c-Jun is an important 
initial event during the induction of AP-1 
transcriptional activity (Whitemarsh et al . , supra.; Yang 

30 et al . , supra), whether the observed attenuation of c-Jun 
phosphorylation would lead to decreased induction of AP-1 
transcriptional activity in JNK3 (-/-) mice was examined. 
• JNK(-l-) mice were crossed with transgenic AP-1 
luciferase (APl-luc) mice (Rincon et al . , Embo. J. 
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/-,/AP -Luc<-/*, mice ware used in experiments wich 
0NK3( + A) ™ Co compare the level of KA-i„duced AP-1 

5 ^r C ^r i0nal aC " Vity " the Presence ° r al ™ of 
5 The APl-lu= mice contain che £irefly luc . fera 

9ene under the control of four copies of a consensus AP- 1 
bindmg sxte in the context of the minimal rat prolactin 
promoter. It has been established that the expression of 

luciferase in these mice is dn P t-« *-v,- 

Le 13 due t° the presence of the 
10 AP-l regulatory element. 

int , ^ T 1UCiferase a ^ay, mice were sacrificed at 
intervals after injection of KA (30 m g/kg , i. p .), and 
relative luciferase activity compared with that detected 
in hxppocampal lysates obtained from mice injected with 
T ehlCle (SalinS) • Mice — decapitated, brains were 
dissected, and brain tissues were immediately l ysed in 
buffer containing 25mM Hepes pH 7.4, 1% TRITON®X - 100, ImM 

ImM phenylmethyl sulfonyl fluoride, and 10 M g/ml 
20 leupeptin (Promega, Madison, wi, . Luciferase activity 
was measured as described in Rincon and Flavell (Embo J 
13:4370-4381. 1 994 ). The injectiQn Qf ^ ^ ^ J ' 

x.p.) caused a large induction of AP-1 transcriptional 
activity in the hippocampus of wild-type mice, as 

25 evidenced by the induction of luciferase activity 

Luciferase activity in wild type mice was detectable by 
six hours, gradually increased to the peak at three days 
and persisted for at least seven days ( Fig . 11} . 
experiments demonstrated that the injection of vehicle 

30 (saline) did not cause induction of luciferase activity 
in the APl-luc mice. y 

The relative luciferase activity in the 

a^oT/T CSrebellUm Pr ^ ed f ~m "iU-typ. <*/*> 

35 The i " ^ foll --g KA injection. 

35 The results- are shown in Fig. 12 . Each time J 
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represents the mean of three to five (+ SEM) individual 
animals. The induction of lucif erase activity was most 
prominent in the hippocampus, where a markedly greater 
induction of phosphorylation of 
5 c-Jun was observed, as compared to the cerebellum and the 
cerebral cortex. The induction of AP-1 activity was 
significantly reduced in the JNK3 (-/-) mice with the 
APl-luc transgene as compared to the wild type mice. At 
15 hours after injection of KA, there was approximately 

10 four-fold greater AP-1 activity in the hippocampus of 
wild-type mice compared with JNK3 ( - / - ) mice. At three 
days after injection, the AP-1 activity was more than six 
times higher in the hippocampus of wild- type compared 
with JNK3(-/-) mice. Together, these data demonstrate 

15 that the disruption of the JNK3 gene suppressed KA- 
induced phosphorylation of 
. c- Jun and AP-1 transcription activity in the hippocampus 
in vivo. 

Example 7. Resistance to KA- induced Apoptosis 
20 One unique feature of KA among other epileptogenic 

agents is its potency in inducing neuronal cell death 
(Ben-Ari, supra; Schwob et al . , supra). Since this 
property of cell destruction is paralleled by a sustained 
level of AP-1 transcriptional activity, it has been 
25 suggested that AP-1 mediates KA - induced-neuronal death 
(Kasof et al . , supra; Schwarzschild et al . , J. of 
Neurosci. 17:3455-3466, 1997). Wild-type and JNK3(-/-) 
mouse brains were therefore examined after treatment with 
KA to determine whether the attenuation of AP-1 
30 transcriptional activity in JNK3 (-/-) mice altered the 
extent of neuronal damage (Ben-Ari, supra; Ben-Ari et 
al . , supra; Schwob et al . , Neurosci. 5 : 991-1014 1980) . 

These experiments were performed as follows. 
Wild- type and JNK3 (-/-) mice were killed and fixed by 
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transcardial perfusion of 4% paraformaldehyde and 1.5% 
glutaraldehyde three days after the injection of KA (30 
mg/kg, i.p.) . Semithin and thin sections of brain were 
prepared using a Vibratome and embedded in Epon. Tissue 
5 blocks were prepared using a microtome with a diamond 
tube for 1 /im- thick semithin sections examined by 
toluidine blue staining, and for ultrathin sections 
examined by electron microscopy. Nissl's stain was used 
for initial examination of damage to the hippocampus 

10 (Kluver et al . , J. Neuropath. Exp. Neuro . 12:400-403, 

1953) . GFAP immunocytochemistry was also used to assess 
cell destruction in the hippocampus (Hsu et al. , supra). 
Nissl's staining was also performed as described above. 
TUNEL assays, used to evaluate apoptosis, were performed 

15 using cryostat sections (50jim) of cerebral hemispheres 
that were cryoprotected with sucrose. The TUNEL assay 
was modified from the terminal deoxynucleot idyl 
transferase (TdT) -mediated dUTP nick end labeling assay 
(Gavrieli et al . , J. Cell. Biol. 119:493-501, 1992). 

2 0 Briefly, tissue sections, directly mounted on a salinated 
v: 'slide, were permeablized with 2% TRITON® X-100 (20 

minutes at room temperature) and then incubated for nick 
end-labeling for 2 hours at 37°C using 0.32 U//zl TdT 
- (Boehringer Mannheim, cat# 22 0582) and 2/xM digoxigenin- 
25 11-dUTP (Boehringer Mannheim, cat# 1573152) in a final 
volume of 40 /xl . The tissues were incubated with anti- 
digoxigenin antibody (Boehringer Mannheim, cat# 1333062) 
diluted 500 -fold, and processed for immunocytochemistry 
using standard procedures (Hsu et al . , supra) . 

3 0 The damage to the hippocampus" caused by KA was 

initially examined by Nissl's stain. The KA-induced cell 
loss caused either a breach of staining of the pyramidal 
neurons in ,the CA3 region or a diffuse sparse staining 
throughout the CA1 subfield. To corroborate the cell 
35 destruction revealed by Nissl's stain, the TUNEL method 
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was applied to detect apoptosis. Groups of small 
pyknotic nuclei and positively TUNEL- labeled cells were 
found in the hippocampal CA3 subfield devoid of Nissl's 
staining. Similarly, a high percentage of pyramidal 
5 neurons showing pyknotic nuclei and shattered apical 

dendrites and numerous strongly TUNEL- labeled cells were 
located in the hippocampal CA1 subfield which exhibited 
decreased Nissl's staining. Since the TUNEL method and 
the pyknosis morphology only indicated the extent of cell 
10 damage at one time point of a dynamic process, 

immunostaining of damage- induced GFAP was also used as an 
independent assessment of the extent of cell destruction 
in the hippocampus. Consistent with. the patterns of 
Nissl's, toluidine, and TUNEL staining, an increased 
15 number of strongly GFAP- labeled astrocytes was found 
.either in the hippocampal CA3 or CA1 regions. Thus, a 
combination of Nissl's stain, GFAP immuno cytochemistry, 
TUNEL method, and toluidine stain of semi thin sections 
was used to classify the KA- induced damage in the mouse 
2 0 hippocampus . 

A total of 17 wild-type and 18 JNK3(-/-) mice were 
examined. Results are shown in Table 1 (below) . The 
table was compiled from two sets of data. First, wild- 
type (n=ll) and JNK3 (-/-) (n=10) mice were sacrificed on 
25 the fifth day after a single injection of KA (30 mg/kg, 

i.p.). Second, wild-type (n=6) and JNK3 (-/-) (n=8) mice 
received an injection of KA (30 mg/kg, i. p.) for five 
consecutive days and examined two days following the 
final injection. The severity of the hippocampal damage 
30 in wild-type mice was comparable in experiments using 
both protocols. The ratio of no cell loss/CA3 
lesion/CA3+CAl lesion was 2/7/2 in the single-injection 
experiments, and 2/2/2 in the multiple injection 
experiments. 
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animals) Kainate - ind ^^ neuronal damage (number of 
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20 



10 



The hippocampal CA3 region was the most 
susceptible to KA-induced damage in the wild-type mice 
(9/17; 53%) . cell l oss was indicated by decreased 
crystal violet staining in the CA3 region. Using the 
TUNEL method (Gavrieli ^ =i „ » ^ . 
nxT7V c 511 et al " supra), which identifies 

DNA fragmentation in the dying cells, groups of labeled 
cells were found in the damaged region. A cluster of 
pyknotic nuclei was found in the CA3 region in toluidine- 
staxned semithin sections. As a result of KA-induced 
damage, there was selective glial proliferation confined 
to the CA3 region, as indicated by the strong 
ammunostaining of GFAP . m some wild _ type animals 
massive cell loss was observed throughout the entire 
hippocampal CA1 region (4/17, 24%). similarly, damage to 
the CA1 region was revealed by decreased crystal violet 
stainmg, positively TUNEL-labeled cells, pyknotic 
nuclei, shattered apical dendrites of pyramidal neurons 
and both hypertrophy and proliferation of GFAP-positive 
astrocytes . 

In contrast, there was no apparent hippocampal 
damage m. any of the JNK3<-/-) mice examined (n=l8) The 
pattern of the Nissl's stain, TUNEL assay, toluidine blue 
staining of semithin sections, and GFAP immunostaining of 



30 
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the hippocampal region in the JNK3(-/-) mice was 
indistinguishable from that of untreated wild-type mice. 
Moreover, although JNK2(-/-) mice developed seizures of 
comparable severity at the sublethal dose of 4 5 mg/kg KA 
5 (a dose that is lethal for more than 60% of wild-type 
mice due to continuous convulsions) , cell damage was 
nevertheless found in a much smaller percentage of 
animals (2/15, 13%; p<0.005 by chi-square analysis, 
d.f .=1) . 

10 Methods of assessing apoptosis (e.g., TUNEL assay) 

can be used to evaluate whether JNK3 modulator is 
affecting apoptosis. 

Example 8 . Electron Microscopic Analysis of 
Ultrastructural Changes Associated with KA- Induced 

15 Neuronal Damage 

Cortical neurons in vitro undergo either apoptosis 
or necrosis depending on the extracellular concentration 
of the glutamate analog N-methyl -D-aspartate (NMDA) 
(Bonfoco et al . , Proc . Natl. Acad. Sci . USA 92:7162-7166, 

20 1995) . The distinction between apoptosis versus necrosis 
'in KA- induced neuronal damage is critical since necrosis 
is generally thought to represent a. consequence of acute 
mechanical insult that is incompatible with an active 
cell death program involving de novo protein synthesis. 

2 5 The TUNEL results (supra) indicate the involvement of 

apoptosis. To further examine whether the neuronal death 
in vivo due to KA induction was apoptotic or necrotic, 
electron microscopy was employed to investigate the 
ultrastructural changes in - the degenerated hippocampal 

3 0 neurons. The microscopic analysis suggested a series of 

morphological changes indicating neuronal damage in the 
wild-type mouse as a consequence of apoptosis. The 
initial event after KA injection (-3 0 mg/kg i.p.) appeared 
to be compaction and segregation of chromatin in 
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pyramidal neurons into electron-dense masses that abutted 
on the inner surface of the nuclear envelope. In 
contrast, the nuclei of the hippocampal neurons in the 
JNK3 (-/-*) mice following KA injection contained 
5 homogeneous electron- lucent euchromatin. At later 

stages, in wild type mice, there was convolution of the 
nuclear outline and condensation of the cytoplasm. The 
double -layered structure of the nuclear envelope in. wild 
type mice remained largely intact in all of these 

10 morphological stages. Eventually the degenerated neurons 
disintegrated resulting in numerous membrane -bounded 
apoptotic bodies. These morphological features are all 
consistent with the hallmarks of apoptosis (Kerr et al . , 
Br. J. Cancer 26:239-257, 1972). Thus, it appeared that 

15 KA triggered a genetic program within the damaged neuron 
leading to apoptosis, which was abrogated in JNK3- 
def icient neurons . 

These results suggest that KA- induced . 
phosphorylation of the NH 2 - terminal activation domain of 

20 c-Jun leads to increased AP-1 transcriptional activity 
and neuronal apoptosis. Without limitation to a 
particular theory, a proposed chain of molecular events 
caused by KA that lead to neuronal apoptosis is shown in 
Fig. 13. 

25 Although systemic administration of KA causes cell 

damage predominantly localized in the hippocampal CA3 
area, the significance of JNK3 in stress -induced neuronal 
apoptosis is not only restricted to this region. Several 
lines of evidence indicate that the particular 

3 0 vulnerability of the CA3 hippocampal neurons to KA is due 
to their unique cellular and synaptic properties. First, 
the hippocampal CA3 and CA4 regions have the highest 
density of KA-receptors (Berger et al . , Neurosci . Lett. 
39:237-242, 1983), Second, the recurrent synaptic.. 

35 excitation is particularly potent in the hippocampal CA3 
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region (Miles et al . , J . Physiol. (London) 373:397-418, 
1986) . The recurrent excitation of the CA3 pyramidal 
neurons may sustain JNK3 signaling and therefore rapidly 
induce KA excitotoxicity . The observed progression of c- 
5 Jun phosphorylation from the dentate gyrus to the CA3 
region is reminiscent of the synaptic circuitry of the 
hippocampus. A diagram of the trisynaptic connection 
within the hippocampal formation is shown in Fig. 14. 
The first synaptic relay (1) is from the afferent 

10 perforant path (pp) onto the granule cell of the dentate 
gyrus (DG) . The second relay (2) follows the mossy fiber 
(mf) from the dentate gyrus to the CA3 hippocampal 
neurons. The third relay (3) is from the hippocampal CA3 
to the CA1 region along the Schaffer collaterals (Sch) . 

15 There are recurrent synaptic interactions of pyramidal 
neurons in the CA3 region. 

Example 9. Assays for Detection of Inhibitors of JNK3 
Protein Kinase Activity 

Inhibitors of JNK3 can be identified in protein 
20 kinase assays. These assays can be performed using JNK3 
purified from tissue (e.g., brain) or with recombinant 
enzyme. The recombinant JNK3 can be isolated from 
bacteria, yeast, insect, or mammalian cells using 
standard procedures. Assays of endogenous (natural) JNK3 

2 5 are known in the art and assays of recombinant JNK3 have 

been described previously (Gupta et al . , EMBO J, 15:2760- 
2770, 1996) . 

The protein kinase activity of JNK3 can be 
measured using ATP and protein substrates for JNK3 in an 

3 0 in vitro assay. These substrates include, but are not 

limited to, the transcription factors ATF2 and Elk-1 
(Gupta et al.-, 1996, supra). The incorporation of 
phosphate into the substrate can be measured by several 
methods. One example is to measure the incorporation of 
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radioactive phosphate (e.g., 32 P) into the substrate. The 
incorporation into the substrate can be measured 
following removal of unincorporated radioactivity by- 
precipitation with trichloroacetic acid and recovery on 
5 phosphocellulose paper or by polyacrylamide gel 

electrophoresis. The radioactivity can be monitored by 
scintillation counting, phosphorimager analysis, or by 
autoradiography. In general, methods for automated high 
throughput screens would not use radioactive materials. 

10 For this purpose a method is used to detect the 

phosphorylated substrate without a radioactive probe. In 
one approach the electrophoretic mobility of the 
substrate is examined. For example, ATF2 demonstrates a 
marked reduction in electrophoretic mobility following 

15 phosphorylation by JNK on Thr-6 9 and Thr-71 (Gupta et 
al., Science 267:389-393, 1995). 

A second approach is to detect the phosphorylation 
of the substrate using immunochemical methods (e.g. 
EL.ISA) . Antibodies that bind specifically to the 

20 phosphorylated substrates are prepared (monoclonal and 
polyclonal) and are commercially available (e.g., New 
England Biolabs, Promega Corp., and Upstate Biotechnology 
Inc.). The extent of substrate phosphorylation is then 
measured by standard EL.ISA assay using secondary 

25 antibodies coupled molecules suitable for to 

spectrophotometric or fluorometric detection using 
methods known in the art . 

Molecules that inhibit JNK3 can be identified in a 
high throughput screen. A molecule that is a preferred 

30 candidate to treat excitotoxic disorders inhibits JNK3 , 
but not other protein kinases, including related MAP 
kinases. Candidate molecules once identified can be 
optimized using combinatorial chemical methods or by the 
synthesis of related molecules. These molecules 
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represent candidate drugs that can be tested for JNK3 
therapy. 

Example 10. Assays for Detection of Inhibitors of JNK3 
Activation 

5 The JNK protein kinases are activated by dual 

phosphorylation on Thr and Tyr within protein kinase sub- 
domain VIII (Davis, Trends Biochem. Sci . 19:470-473, 
1994) . These sites of activating phosphorylation are 
conserved in JNK3 (Gupta et al . , 1996, supra). Molecules 

10 that inhibit the activation of JNK3 by interfering with 
the phosphorylation of JNK3 can be identified by 
measurement of JNK3 activation in the presence and 
absence of candidate molecules. Cells expressing JNK3 , 
e.g., neuronal cells, neuroendocrine cells, or cells that 

15 are engineered to express recombinant JNK3 (Gupta et al . , 
1996 supra) , are exposed to environmental stress (e.g., 
depolarization, excitotoxic agents, UV radiation, heat, 
and anoxia) to activate JNK3 . The state of JNK3 
activation can be assessed by several methods. For 

2 0 example, JNK3 can be isolated, washed free of the 

candidate inhibitor, and the activation state of JNK3 
monitored by protein kinase assay (supra) . 

Alternatively, the activation of JNK3 can be probed using 
immunological methods using antibodies that bind to the 
25 Thr and Tyr phosphorylated (activated) form of JNK3 . 
Antibodies that bind specifically to the Thr and Tyr 
phosphorylated enzyme can be prepared (monoclonal and 
polyclonal) and are commercially available (e.g., from 
New England Biolabs and Promega Corp.) . The extent of 

3 0 substrate phosphorylation can then be measured by a 

standard ELISA assay using secondary antibodies coupled 
to spectrophotometric or fluorometric detection. 



BNS0OC1D: <WO 9918193A1> 



WO 99/18193 



PCT/US98/20904 



-55 



Other E mbodimemi-a 
It is to be understood that while the invention 
has been described in conjunction with the detailed 
description thereof, the foregoing description is 
intended to illustrate and. not li m it the scope of the 
invention, which is def ined by the scope of the. appended 
claims. other aspects, advantages, and modifications are 
withxn the scope of the following- claims . 
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What is claimed is: 

1. A method of identifying a compound that 
modulates JNK3 expression, the method comprising: 

incubating a cell that can express a JNK3 protein 
5 with a compound under conditions and for a time 

sufficient for the cell to express a JNK3 protein absent 
-the compound; 

incubating a control cell under the same 
conditions and for the same time absent the compound; 
10 measuring JNK3 expression in the cell in the 

presence of the compound; 

measuring JNK3 expression in the control cell; and 
comparing the amount of JNK3 expression in the 
presence and absence of the compound, 
15 wherein a difference in the level of expression indicates 
trhat the compound modulates JNK3 expression. 

2. The method of claim 1, wherein the compound 
decreases the expression of JNK3 . 

3 A method of identifying a compound that 

2 0 modulates JNK3 activity, the method comprising: 

incubating a cell that has JNK3 activity with a 
compound under conditions and for a time sufficient for 
the cell to express JNK3 activity absent the compound; 

incubating a control cell under the same 
25 conditions and for the same time absent the compound; 

measuring JNK3 activity in the cell in the 
presence of the compound; 

measuring JNK3 activity in the control cell; and 
comparing the amount of JNK3 activity in the presence and 

3 0 absence of the compound, 

wherein a difference in the level of activity indicates 
that the compound modulates JNK3 activity. 
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4. The method of claim 3, wherein the compound 
decreases JNK3 activity. 

5. A method of identifying a compound that 
modulates the binding of a JNK3 polypeptide to a 

5 substrate, said method comprising comparing the amount of 
a JNK3 polypeptide bound to a substrate in the presence 
and absence of a selected compound, wherein a difference 
in the amount of binding of a JNK3 polypeptide to a 

10 ITTT indiCateS that Said compound modulates 

10 the binding of a JNK3 polypeptide. 

» TMV, ^ ^ Clalm 5 ' WhSrein b±ndin H 0^ 

•a JNK3 polypeptide to a substrate is decreased. 

7. A method for generating a totipotent mouse 
cell comprising at least one inactivated JNK3 gene, the 
15 method comprising: 



a. providing a plurality of totipotent mouse 



20 



cells; 

b. introducing into the cells a DNA construct 
comprising a disrupted mouse JNK3 gene, wherein the JNK3 
gene is disrupted by insertion of a nucleotide sequence 
into the gene that prevents expression of functional 

J1STK3 ; 

c. incubating the cells such that homologous 
recombination occurs between the chromosomal sequence 

25 encoding JNK3 and the introduced DNA construct; and 

d. identifying a totipotent mouse cell comprising 
at. least one inactivated JNK gene. 

8. A method for generating a mouse homozygous for 
an inactivated JNK3 gene comprising: 

a. providing a totipotent mouse cell comprising 
at least one inactivated JNK3 gene; 



30 
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b. inserting the cell into a mouse embryo and 
implanting the embryo into a female mouse; 

c. permitting the embryo to develop into a 
neonatal mouse; 

5 d. permitting the neonatal mouse to reach sexual 

maturity; and 

e. mating two sexually mature mice of step d. 
to obtain a mouse homozygous for the inactivated JNK3 
gene (-/-), wherein the homozygous JNK3(-/-) mouse is 
10 resistant to excitotoxic damage. 

.2. A method of treating a patient having or at 
risk for a disorder involving excitotoxicity , the method 
comprising administering to the patient a therapeutically 
effective amount of a compound that inhibits JNK3 
15 expression. 

10. The method of claim 9, wherein the compound 
is an antisense nucleic acid molecule, 

11. The method of claim 9, wherein the disorder 
is selected from the group consisting of Alzheimer's 

20 disease, Huntington disease, ischemia, amyotrophic 
lateral sclerosis, trauma, motorneuron disease, 
Parkinson's disease, or epilepsy. 

12 . A transgenic non-human mammal having a 
transgene disrupting expression of a JNK3 gene, the 

25 transgene being chromosomally integrated into germ cells 
of the mammal . 

13. The mammal of claim 12, wherein the mammal is 

a mouse. 
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14. The mammal of claim 12, wherein the germ 
cells are homozygous for the transgene. 

15. The mammal of claim 12, wherein the 
disruption results in a null mutation. 

5 16. A cell line descended from a cell of the 

mammal of claim 12. 

17. A DNA construct comprising a disrupted mouse 
JNK3 gene, including an insertion of a nucleotide 
sequence into the gene that prevents or modifies the 
10 * expression of functional JNK3 . 
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FIG. IB 



MSLHFLYYCSEPTLDVKIAFCQGFDKQVDVSYIAKKY 

KRYQNLKP IGSGAQG IVCAAYDAVLDRNVAI KKLSRP FQNQTHAKRAYRELVLMKCVNHKN 
IISLLNWT?QKTLEEFQDVYLVMEIJ4DAN^^ 

G 1 1 HRD LKP SNI WKS DCTLXI LD FGLARTAGTS FMMTP YWTRYYRAP EVI LGMGYKENV 

DIWSVGCIMGEMVRHKILFPGRDYIDQWNKVIEQLGT^ 

GLTFPKXFPDSLFPADSEHNKLKASQARDLLSKMLVIDPA 

EVEAP P PQ I YDKQLDEREKTI EEWKELI YKEVMNSEEKTKNG WKGQ ? S P SGAAVNS S E3L. 
P P S S S VND I S SMS TDQTLASDTD S S LEAS AGP LGCCR LHQ ^ 
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FIG. 1C 

GAGAAATGGCGTGGCAGGGGACCCAGCGAGCCCAGAGGGA7777GCCGC7GC77CC7C7AC 
CCCTGTATTTCACGCAGCTCTCTAAATTGACTCAGCTCCAGGCTAGTGTGAGAAACACCAA 
CAGCAGGCCCATCTCAGATCT7CAC7A7GGCAAC77A7GCAAGAAAC7G77GAA77AGACC 
CGTTTCCTATAGATGAGAAACCA7ACAAGCTGTGGTATTTATGAGCCTCCATTTCTTATAC 
7AC7GCAG7GAACCAACA77GGA7G7GAAAA77GCC7777G7CAGGGAT7CGA7AAACAAG 
7GGA7G7G7CA7A7A77GCCAAACA77ACAACA7GAGCAAAAGCAAAG77GACAACCAG77 
CTACAGTGTGGAAGTGGGAGACTCAACCTTCACAGTTCTCAAGCGCTACCAGAATCTAAAG 
CC7A77GGC7C7GGGGC7CAGGGCA7AG777G7GCCGCG7A7GA7GC7G7CC77GACAGAA 
- r^TGTGGC C ATT AAG AAG CT C AG C AG AC C CTTT CAG AAC CAAA.CACAT G C C AAG AG AG C GT A 
C CGGG AG CTG GTC CTCATGAAGTGTGTG AAC CAT AAAAACATT ATTAGTTTATTAAATGT C 
TTCACACCCCAGAAAACGCTGGAGGAGTTCCAAGATGTTTACTTAGTAATGGAACTGATGG 
ATGCCAACTTATGTCAAGTGATTCAGATGGAATTAGACCATGAGCGAATGTCTTACCTGCT 
GTACCAAATGTTGTGTGGCATTAAGCACCTCCATTCTGCTGGAATTATTCACAGGGATTTA 
AAACCAAGTAACATTGTAGTCAAGTCTGATTGCACATTGAAAATCCTGGACTTTGGACTGG 
C CAGG AC AG C AGGCACAAG CTT CATG ATGACT C CATATGTGGTGAC ACGTTATTAC AG AG C 
CCCTGAGGTCATCCTGGGGATGGGCTACAAGGAGAACGTGGATATATGGTCTGTGGGATGC 
ATTATGGGAGAAATGGTTCGCCACAAAATCCTCTTTCCAGGAAGGGACTATATTGACCAGT 
GG AATAAGGTAATTGAACAACTAGGAACACCATGTCCAGAATTCATGAAGAAATTGCAACC 
CACAGTAAGAAACTATGTGGAGAATCGGCCCAAGTATGCGGGACT.CACCTTCCCCAAACTC 
TTCCCAGATTCCCTCTTCCCAGCGGACTCCGAGCACAATAAACTCAAAGCCAGCCAAGCCA 
GGGACTTGTTGTCAAAGATGCTAGTGATTGACCCAGCAAAAAGAA7ATCAGTGGACGACGC 
C77ACAGCA7CCC7ACA7CAACG7C7GG7A7GACCCAGCCGAAG7GGAGGCGCCTCCACCT 
CAGA7A7A7GACAAGCAG77GGA7GAAAGAGAACACACAA77GAAGAA7GGAAAGAAC77A 
7CTACAAGGAAG7AA7GAA77CAGAAGAAAAGAC7AAAAA7GG7G7AG7AAAAGGACAGCC 
T7C7CC77CAGG7GCAGCAG7GAACAGCAG7GAGAG7C7CCC7CCA7CC7CG7C7GTCAA7 
GACA7C7CC7CCATGTCCACCGACCAGACCC7GGCA7C7GACAC7GACAGCAGCC7GGAAG 
CC7CGGCAGGACCCC7GGG77G77GCAGG7GAC7AGCCGCC7GCC7GCGAAACCCAGCG77 
C77CAGGAGA7GATGTGATGGAACACACACACACGCAGACACACACACACACACAAATGCA 
GACACACAACATCAAGAAAACAG CAAGGGAG AGAATCCAAG C C7AAAA77AAA7 AAA7C77 
7CAGCC7GC77C77CCCCAGGG77C7G7A7TGCAGC7AAGC7CAAA7G7A7A777AAC77C 
7AG77GC7C7TGCTTTGGTCT7CT7CCAA7GA7GC77AC7ACAGAAAGCAAA7CAGACACA 
A77AGAGAAGCC7777CCA7AAAG7G7AA7777AA7GGC7GCAAAACCGGCAACC7G7AAC 
TGCCC7777AAA7GGCA7GACAAGG7G7GCAG7GGCCCCATCCAGCATGTGTGTGTCTCTA 
TCTTGCATCTACCTGCTCCTTGGCCTAGTCAGATGGATGTAGATACAGATCCGCATGTGTC 
TGTAT7CA7ACAGCAC7AC77ACT7AGAGA7GC7AC7C7CAG7G7CC7CAGGGC7C7ACCA 
AG AC AT AATG CACTG GGGT AC C AC ATGGT C C ATTT CATGTG AT CT ATT ACT CTG AC AT AAA 
CCCA7C7G7AA7A7A77GCCAG7A7A7AAGC7G777AG777G77AA77GA77AAAC7G7A7 
G7C7TA7AAGAAAACA7G7AAAGGGGGAA7A7AT7GGGGGAGTGAGCTC7C7CAGACCC77 
GAAGATGTAGCT7CCAAA777GAATGGATTAAATGGCACCTGTATACCA £SEQ \D ! 
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FIG* 2A 

iK:CS9KC caacc:a tg = aa 3 aaacc g ; = 3 aa C .a g ac c^,-, 

=a 3 ac 3 a 3 aa accacacaag c TO .« =ac gagc =;; caccc^acaccacadg 
= g aaccaaca C=3gacgcga aaacrgcctt £ t„ c:= 3 acaaac aa= caga „ c 
gccaca cact gccaaacact acaacacgag caaaaocaaa gtCg acaacc acccccacag 
cgcg g aa gcg gg agactcaa =«ccaca g c ccc-gcgc =a==a g aac= caaagccac 
'-g 3 =-.=c ggg g cc=a gg3 ca C a gc= , gtgc c g ==cacgac 3 = Cgt c :CCg aca<,aaac gc 
gg==a„aa 3 aa gcC ca g ca 3 ac=== tC ca g aac=aaaca cac g c= aaga m ^ 
g 9 a 3 c. g3 cc =e=at ga a g , gC3C3aac =a caaaaacac, a.,a g ccca t C aaaca« cc 
cacacccca, aaaac 3 c Cgg agg a g== =ea agae g -. CCa c „a gt aac sg aac:gac g3 a 
cgcoccc. tgC caa 3 c 3 a c;ca 3 a Cgga a C caoa=ca= ga 3 c 3 aa Cg: ««c«~ 
.caccaaacg C:g < 3cggca c=aagcaccc ==atcctgc= ggaac:accc aca gg3a L 

aaaaccaagc aacactgcag ccaagccca a ttar.r,.., 

* agc_cg a ct 3 cac a ci: 3 aaaancct: g3 act:t:t gg acc 

ggccaggaca 3 ca gg =a=aa 3 c CC=atgac gaccccacac gcggtga=ac gccacca „ g 
a 9 ccc= Cg a 3 3C ca tc = Cg3 3 gac 333 = ca caaggagaac gt33 ac a cac g3 c=;g C g 33 
«gc.cc.e 9 gg a ga aac 3g etcgce.e« „ e ee B ee« c=a 3gaag3g a= tacaccga 
=ca gtgg aac aaggca a Ctg aa =aacta gg aa = ac= a Cg , c=a gaa ccca toMoaMtt 
gcaacccaca g caa g aaacc ac gCgg a 3 aa c= g3 cc=aa 3 cacgc 33ga = :c . ceeBeec 
=aaa===c-.c cc agaC -.c=c cc Ctc=cag = gga c-.== 3ag cac aa caaac : =aaaoccaa 
cca ag =c agg 3 acct 3CC3C =aaa g a Cg c aac 3 atc 3 a= ==a g =aaaa a = aaC acca g c 
ggac ga cg=cjt ac a g c aC = cccacaccaa cgtcEggtac gacc=agccg aagc=gagg= 
9 c=ccca=ct ca 9acacacg acaag ca gcc gg ac g aaa 3 a g aacaca=aa C: aaagaa. g 
3 aaa 3 aacct ac=t a =aa 93 aa g taa Cg aa ct=a 3 aa 3 aa aa 3 a=naaaa ac 3g . =t a 9 c 
aaaaggacag ccttctccct ca 3 c a c ag3 c 3 = ag =a g t ga acagcagrga gagtc-.ccct 
ccatccccgc c tg rcaac g a caccnccccc at g cc=ac=g ac= ag acccr g g caccc g ac 
acc g a=a g ca g=ctg ga a g c c.c gg ca gg a cc=c Cg33 c C g« g c agg ca a cca g ccgcc 
cgcc-. g = 9 aa ac=ca gcg ct ct.caggaga , g a Cgcg ac g gaaca= a cac acacgcaaac 
a=aca=a=a= acacaaac g c aga = a = aca a cacc aaga aa aca g =aa ggg aaaaaaccca 
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FIG. 2B 

agcccaaaat taaataaacc ttitcagcccg cctctccccc agggctctgt^ attgcagcca 

agctcaaatg tatatttaac tticcagntgc jccttgcctcg gtctnccccc aatgangcct 
accacagaaa .gcaaatcaga cacaactaga gaa (^^Q 
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FIG. 2C 

MSLEFLYYCSEPTIJDVKIAFCQGFDKQVDVSYIAKHYNMSKSKVDNQFYSVEVGDSTrTVL 
KRYQNLKP IGSGAQG I VCAAYDAVLDRNVAI KXLS RP FQNQTHAKRAY RELVLMKCVNHKN 
IISLLNVFTPQICrLEEFQDVYLVMELiMDANLCQVIQMELDHERMSYTiLYQMLCGIKHLHSA 
G 1 1 HRDLKP SNI WKSD CTLKI LD FGLARTAGTS FMMT P YWTRYYRAP EVI LGMG YKENV 
DIWSVGCIMGEMVTIHKILFPGRDYIDQWNKVIEQLGTPCPEFMKKLQPTVRNYVENRPKYA 
GLT^^KLFPDSLFPADSEHNKLKASQARDLLSKMLVIDPAIOIISVDDALQHPYINVWYDPA f . 
EVEAPPPQIYDKQLDEREHTIEEWKELIYKEVMNSEEKTKNGWKGQPSPSAQVQQC5-5C^ no. s ) 
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FIG. 2D 

GAGAAATGGCGTGGCAGGGGACCCAGCGAGCCCAGAGGGATTTTGCCGCTGCTTCCTCTAC 

CCCTGTATTTCACGCAGCTCTCTAAATTGACTCAGCTCCAGGCTAG7GTGAGAAACACCAA 

CAGCAGGCCCATCTCAGATCTTC^CTATGGCAACTTATGCAAGAAACTGTTGAATTAGACC 

CGTTTCCTATAGATGAGAAACCATACAAGC7GTGGTATTTATGAGCCTCCAT7TCTTATAC 

7AC7GCAG7GAACCAACA77GGA7G7GAAAA77GCC7777G7CAGGGA77CGA7AAACAAG 

7GGA7G7G7CA7A7A77GCCAAACA77ACAACA7GAGCAAAAGCAAAG77GACAACCAG77 

C7ACAG7G7GGAAG7GGGAGAC7CAACC77CACAG77C7CAAGCGC7ACCAGAA7C7AAAG 

CC7A77GGC7C7GGGGC7CAGGGCA7AG777G7GCCGCG7A7GA7GC7G7CC77GACAGAA 

A7G7GGCCA77AAGAAGC7CAGCAGACCC777CAGAACCAAACACA7GCCAAGAGAGCG7A 

CCGGGAGC7GG7CC7CA7GAAG7G7G7GAACCA7AAAAACA77A77AG777A77AAA7G7C 

T7CACACCCCAGAAAACGC7GGAGGAG77CCAAGA7G777AC7TAG7AA7GGAAC7GA7GG 

A7GCCAAC77A7G7CAAG7GA77CAGA7GGAA77AGACCA7GAGCGAA7G7C77ACC7GC7 

G7ACCAAA7G77G7G7GGCA77AAGCACC7CCA77C7GC7GGAA77A77CACAGGGA777A 

AAACCAAG7AACA77G7AG7CAAG7C7GA77GCACA77GAAAA7CC7GGAC777GGAC7GG 

CCAGGACAGCAGGCACAAGC77CA7GA7GAC7CCA7A7G7GG7GACACG77A77ACAGAGC 

CCCTGAGG7CATCCTGGGGA7GGGC7ACAAGGAGAACG7GGA7A7ATGG7C7G7GGGA7GC 

A77A7GGGAGAAA7GG77CGCCACAAAA7CC7C777CCAGGAAGGGAC7A7A77GACCAG7 

GG AATAAG GTAAT7GAACAACTAGGAAC AC CATGT C CAGAATT CA7GAAGAAA77G CAACC 

CACAG7AAGAAAC7A7G7GGAGAA7CGGCCCAAG7A7GCGGGAC7CACC77CCGCAAAC7C 

77CCCAGA77CCC7C77CCCAGCGGAC7CCGAGCACAA7AAAC7CAAAGCCAGCCAAGCCA 

GGGACTTG7TG7CAAAGA7GCTAGTGATTGACCCAGCAAAAAGAA7ATCAGTGGACGACGC 

CTTACAGCATCCCTACATCAACGTCTGGTATGACCCAGCCGAAG7GGAGGCGCC7CCACC7 

CAGA7A7A7GACAAGCAG77GGA7GAAAGAGAACACACAA77GAAGAA7GGAAAGAAC77A 

7C7ACAAGGAAG7AA7GAA77CAGAAGAAAAGAC7AAAAA7GG7G7AG7AAAAGGACAGCC 

TTCTCCTTCAGCACAGGTGCAGCAGTGAACAGCAG7GAGAGTCTCCC7CCATCC7CGTCTG 

7CAA7GACA7C7CC7CCA7G7CCACCGACCAGACCC7GGCA7C7GACAC7GACAGGAGCC7 

GGAAGCC7CGGCAGGACCCC7GGG77G77GCAGG7GAC7AGCCGCC7GCC7GCGAAACCCA 

GCGTTCTTCAGGAGATGATGTGATGGAACACACACACACGCAGACACACACACACACACAA 

ATGCAGACACACAACA7CAAGAAAACAGCAAGGGAGAGAA7CCAAGCC7AAAA77AAA7AA 

A7C777CAGCC7GC77C77CCCCAGGG77C7G7A77GCAGC7AAGC7CAAA7G7A7A777A 

AC77C7AG77GC7C77GC777GG7C77C77CCAA7GA7GC77AC7ACAGAAAGCAAA7CAG 

ACACAA77AGAGAAGCC7777CCA7AAAG7G7AA7777AA7GGC7GCAAAACCGGCAACC7 

GTAACTGCCC7777AAA7GGCA7GACAAGG7G7GCAG7GGCCCCA7CCAGCA7G7G7G7G7 

C7C7A7C77GCA7C7ACC7GC7CC77GGCC7AG7CAGA7GGA7G7AGA7ACAGA7CCGCA7 

G7G7C7G7A77CA7ACAGCAC7AC77AC77AGAGA7GC7AC7C7CAG7G7CC7CAGGGC7C 

7ACCAAGACA7AA7GCAC7GGGG7ACCACA7GG7CCA777CA7G7GA7C7A77AC7C7GAC 

A7AAACCCA7C7G7AA7A7A77GCCAG7A7A7AAGC7G777AG777G77AA77GA77AAAC 

7G7A7G7C77A7AAGAAAACA7G7AAAGGGGGAA7A7A77GGGGGAG7GAGC7C7C7CAGA 

CCC77GAAGA7G7AGC77CCAAA777GAA7GGA77AAA7GGCACC7G7A7ACCA (S£Q |P 
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FIG. 3 A 

gagaaatggc gcggcagggg acccagcgag cccagaggga ctttgccgcc gcctcctcta 
cccctgtaxt tcacgcagcc ccctaaaccg acccagcccc aggctagcgc gagaaacacc 
aacagcaggc ccatctcaga ccctcactat ggcaacctac gcaagaaacc g-tgaactag 
acccgctiticc natagatgag aaaccacaca agctgcggca tttatgagcc cccacctccc 
acaccactgc agtgaaccaa cattggatgc gaaaaccgcc tittitgccagg gactcgacaa 
acaagtggat gtgtcatata ttgccaaaca ccacaacatg agcaaaagca aagctgacaa 
ccagtcctac agtgtggaag tgggagactc aaccttcaca gttcccaagc gccaccagaa 
ccnaaagcct: atcggcccrg gggcccaggg cacagnrcgc gccgcgcacg acgccgtcct 
cgacagaaac gcggccacta agaagcccag cagacccct: cagaaccaaa cacacgccaa 
gagagcgcac cgggagctgg tccrcacgaa gcgtgtgaac cataaaaaca ttattagttt 
atcaaacgcc ctcacacccc agaaaacgct ggaggagcrc caagacgttc acttagtaac 
ggaacngacg gatgccaact tatgccaagt gattzcagatg gaactagacc acgagcgaat 
gtcttacccg ctgtaccaaa tgttgtgtgg cattaagcac ctccatcctg ctggaattat 
tcacagggac ttaaaaccaa gcaacattgt agtcaagtcn gattgcacat tgaaaatcct 
ggacctitigga ctggccagga cagcaggcac aagctccacg atgaccccat atgcggngac 
acgtcaccac agagcccctg aggtcaccct ggggacgggc "acaaggaga acgtgganac 
acggccngcg ggatgcatca cgggagaaac ggcccgccac aaaaccctcn ctccaggaag 
ggactacatt gaccagcgga ataaggtaat :gaacaacta ggaacaccac gtccagaacc 
catgaagaaa ctgcaaccca cagtaagaaa ctatgtggag aatcggccca agtatgcggg 
actcacctcc cccaaactct tcccagactc cctcttccca gcggaccccg agcacaacaa 
actcaaagcc agccaagcca gggacctgtt gtcaaagatg ccagtgatcg acccagcaaa 
aagaatatca gtggacgacg ccttacagca tccctacacc aacgtctggc atgacccagc 
cgaagcggag gcgccrccac ctcagataca cgacaagcag ctggacgaaa gagaacacac 
aattgaagaa tggaaagaac ctacccacaa ggaagtaatg aattcagaag aaaagaccaa 
aaacggcgca gtaaaaggac agccctctcc ttcagcacag gtigcagcagc gaacagcagt: 
gagagccrcc ctccatccrc gccrgccaac gacacccccn ccacgcccac cgaccagacc 
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FIG- 3B 
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MSLKFLYYCSSPTUDVKIAFCQGFDKQVDVSYIAKHYNMSKSKVDNQFYSVEVGDSTF 
TVLKRYQNLKP I GS GAQGI VCAAYDAVLDRNVAI KKLS RP FQNQTHAKRAYRELVLMK 
CVNKKNI I SLLNVFTPQKTLEEFQDVYLVMELMDANLCQVIQMELDHERMS YLLYQML 
CG I KHLHS AG 1 1 HRDLKP SNI WKSDCTLKILDFGLARTAGTSFMMT? YWTRYYRAP 
EVTLGMGYKENVD I WS VGC I MGEMVRHKI LF PGRD Y I DQWNKVI EQ LGTP CP EFMKKL 
.QPTVRNYVENRPKYAGLTFPKLFPDS LFPADS EHNKLKASQARDLLSKMLVID PAKRI 
SVDCALQHPYINVWYDPAEVEAPPPQIYDKQLDEREHTIEEWKELIYKEVMNSEEKTK 

NGWKGQ P S P S AQVQQ (S&G l & 14 oX 
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FIG. 4 A 
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CCC7CC77A77CGGG777GGAATG7GGC7AA7GAAAGGCCAG7AGGAGGA777C7GGGGCA 
AACAGGTGGACCAGGATCCTGGT7CTCAGGCACGGAATGGCTATTGTGAGAGCGCCACCAG 
CAGGACCATCGCAGATCTTGGTTATGGCTGCTCACGCAAGAGGCTGTTGATGTAGACCCCC 
TTTCCCGTAGATGAGAAATCACACGAGCAGTGGTATTTATGAGCCTCCATTTCTTATACTA 
C7GCAG7GAACCAACC77GGA7G7GAAAA77GCC7777G7CAGG7G7G7G77CC77ACAGG 
TAAAACAAAGGGATTCGACAAACACGTGGA7GTGTCTTCTGTTG7CAAACATTACAACATG 
AGCAAAAGCAAGGTAGA7AACCAG77CTACAGTGTGGAAG7GGGAGAC7CAACCTTCACAG 
7TCTAAAGCGCTACCAGAACCTGAAGCCGATCGGCTCTGGGGCTCAGGGAATAG7TTG7GC 
7GCG7ATGACGCTGTCCTCGACAGAAATGTGGCCATTAAGAAGCTCAGCAGACCC77CCAG 
AACCAAAC7CA7GCCAAGAGGGC77ACCGGGAGC7GG7CC7CA7GAAG7G7G7GAACCA7A 
AAAACATTATTAGCTTATTAAATGTCTTTACACCCCAGAAAACACTGGAGGAGTTCCAAGA 
7G7T7AC77AG7GA7GGAAC7GA7GGACGCCAAC77G7G7CAGG7GA77CAGA7GGAGC7G 
GACCACGAGCGGA7G7CG7AC77GC7G7ACCAGA7GC7G7CGGCGA7CAAACACC7CCAC7 
CCGCTGGGATCATCCACAGGGACTTAAAACCCAGTAACATCG7AGTCAAG7CTGAT7GCAC 
AC7GAAAA7CC7GGAC777GGAC7GGCCAGGACAGCGGGCACAAGC77CA7GA7GAC7CCG 
7A7G7GG7GACGAGA7A77ACAGAGCCCCCGAGG7CA7CC7GGGCA7GGGC7ACAAGGAGA 
ACG7GGACA7A7GG7C7G7GGGC7GCA7CA7GGGAGAAA7GG77CG7CACAAAA7CC7C77 
7CCCGGAAGGGAC7A7A77GACCAG7GGAACAAAG7CA7AGAGCAGC7AGGAAC7CCG7G7 
CCAGAA77CA7GAAGAAA77GCAG C C CACCG7CAGAAAC7ACG7GGAGAAC CGG C CC AAGT 
ATGCAGGCCTCACCT7CCCCAAGC7C7TTCCAGATTCCCTC77CCCAGCGGAT7CCGAGCA 
CAA7AAAC77AAAGCCAGCCAAGCCAGGGAC77G77G7CAAAGA7G77AG7GA77GACCCA 
GCGAAGAGGA7A7CGG7GGA7GACGCA77GCAGCA7CCG7AGA7CAACG777GG7ACGACC 
CTGCTGAAGTGGAGGCGCCTCCGCC7CAGA7ATATGACAAGCAA7TGGATGAAAGGGAGCA 
CACCA7CGAAGAA7GGAAAGAAC7CA7C7ACAAGGAAG7AA7GAAC7CAGAAGAGAAGAC7 
AAGAACGGCGTAGTCAAAGGCCAGCCCTCACCTTCAGGTGCAGCAGTGAACAGCAG7GAGA 
G7C7CCC7CCA7CC7CA7C7G7CAACGACA7C7CC7CCA7G7CCACCGACCAGACCC7CGC 
A7CCGACAC7GACAGCAGCC7GGAAGCC7CGGCGGGACCGC7GGG77G77GCAGG7GAC7A 
GCCGCC7GCC7GCGAAACCCAGCG77C77CAGGAGA7GACGCCA7GA7AGAACACAGCGCA 
CA7GCACACACACAGAGC77G7ACACACACACACACACACACACACACGCACGCACGCACG 
CACGCAAGCACGCACGCACGCACAAA7GCAC7CACGCAA7G7CAAGAAAAAAAAAAG7AGC 
GAGAGAGAGCGAGAGAGCCAACG7AAAAC7AAGTTAAATCT77CTGCG7GC77CTCCAGAG 
7TCTG7A7CGCAGC7GAGC7GAAA7G7A7AC77AAC77C7AG7CGCGC7CGC7CGAC777G 
G7CTCCC7CCGGCAG7GC77AC7 ( 5 £0 r& Ajo : °t } 
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MSKSKVDNQFYSVEVGDSTFTVLKRYQNLKP IGSGAQG IVCAAYDAVLDRNVAI KKLS RP F 
QNQTHAKRAYRELVLMKCVNHKN IIS LLNVFT PQ KTLZEFQD VYLVMELI-IDANLCQVI QME 
LDHERMSYLLYQMLSAIKHLHSAGIIKRDLKPSNIVVKSDCTLKILDFGLARTAGTSFMMT 
P YWTRYYRAP EVI LGMGYKENVD IWSVGCIMGEMVRHKILFPGRDYIDQWNKVIEQLGTP 
CPE^MKKLQPTVRNYVENRPKYAGLTFPKLFPDSLFPADSEHNKLKASQARDLLSKMLVID 
P AKRIS VDDALQHP Y INVWYD PAEVEAP PPQIYDKQLDEREH7IZEWKELIYKEVMNSEEK 
TKNGVVKGQPSPSGAAVNSSESLPPSSSVNDISSMSTDQTLASDTDSSLEASAGPLGCCR 
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FIG- 5 A 

GGGGCTTGAGTGAGCTAAAGATTGGGTCTTCTTGGAAATCACCTGTCTG7TATTATTTTTA 

AACAATCGCTACACCTCCAAAGACTCTGCTCCTTACTCCGGTTTGGAATGTGGCTAATGAC 

TACCCAGTAGGGAGGATTTCTGGGGCAAACAGCCGGACCAGGATCCTAGTTCTCAGGCACG 

GAATGGCTA7TGTGAGAACAGCACCAGCAGGATCATCGCAGATCTTGGTTATGGCCACTCA 

GGCAAGACGCTGTTGAGTTAAGACCCCTTTCCCATAGATGAGAAGCCACAGAAGCAGTGGT 

ATTTATGAGCCTCCATTTCTTATACTACTGCAGTGAACCAACCTTGGATGTGAAAATTGCC 

TTTTGTCAGGGATTCGATAAACACGTGGATGTGTCATCTATTGCCAAACATTACAACATGA 

GCAAAAGCAAGGTGGACAACCAGTTCTACAGTGTGGAAGTGGGGGACTCAACCTTCACCGT 

TCTTAAGCGCTACCAGAACCTGAAGCCAATTGGCTCTGGGGCTCAGGGAATAGTCTGTGCT 

GCGTACGACGCTGTCCTTGACAGAAATGTGGCCATTAAGAAGCTCAGCAGACCCTTCCAGA 

ACCAAACTCACGGCAAGAGGGCTTACCGGGAGCTGGTGCTCATGAAGTGTGTGAACCATAA 

AAACATTATTAGCTTATTAAATGTTTTTACACCCCAGAAAACGCTGGAGGAGTTCCAAGAT 

GTCTACTTAGTGATGGAACTGATGGACGCCAACCTGTGTCAGGTGATTCAGATGGAGCTGG 

ACCACGAGCGGATGTCTTACTTGCTGTACCAGATGCTGTGTGGCATCAAGCACCTCCACTC 

CGCTGGGATCATCCACAGGGACTTAAAAC C CAGTAACATTGTAGTCAAGT CTGATTGCACA 

CTGAAAATCCTCGACTTCGGACTGGCCAGGACAGCGGGTACAAGCTTCATGATGACTCCGT 

ATGTGGTGACGCGATATTACAGAGCCCCTGAGGTCATCCTGGGCATGGGCTACAAGGAGAA 

CGTGGACATATGGTCTGTGGGATGCATCATGGGAGAAATGGTTCGCCACAAAATCCTCTTT 

CCCGGAAGGAGCTATATTGACCAGTGGAACAAAGTCATCGAGCAGCTAGGAACTCCGTGTC 

CAGAGTTCATGAAGAAATTGCAGCCCACAGTCAGAAACTACGTGGAGAATCGGCCCAAGTA 

CGCAGGACTCACCTTCCCCAAGCTCTTTCCAGATTCCCTCTTCCCAGCGGATTCTGAGCAC 

AATAAACTTAAAGCCAGCCAAGCCAGGGATTTGTTGTCTAAGATGTTAGTGATTGACCCAG 

TGAAGAGGATATCGGTGGACGACGCACTGCAGCATCCGTACATCAACGTTTGGTACGACCC 

GGCTGAAGTGGAGGCGCCTCCGCCTCAGATATATGATAAGCAGCTGGATGAAAGGGAGCAC 

ACCATCGAAGAATGGAAAGAACTTATCTACAAGGAGGTAATGAACTCAGAAGAGAAGACTA 

AGAATGGCGTAGTCAAAAGCCAGCCCTCGCCTTCAGCACAGGTGCAGCAGTGAACAGCAGT 

GAGAGTCTCCCTCCATCCTCGGCTGTCAACGACATCTCCTCCATGTCCACCGACCAGACCC 

TCGCATCTGACACTGACAGCAGCCTGGAGGCCTCGGCGGGACCGTTGGGTTGTTGCAGGTG 

ACTAGCCGCCTGCCTGCGAAACCCAGCGTTCTTCAGGAGATGACGCGATAGAACACAGCAC 

ACATGCACACACACAGCTTGCTCTCACACACACTCAGCTTGCTCACACACACACACACACA 

TACACACAAACACACACTGTCTCTCTCTCACACACACACACTGTCACAACGCACTCACGAA 

AGGTCAAGAAAAAAATAACAATAGAGAGATCCAACATAAAATTAAGTTAAATTTTTCTGCG 

TGCTTCTCCAAAGTTCTGTATCACAGCTGAGCTGAAATGTATACTTAACTTCTAGTTGCGC 

TCGCTTTGGTTTCCCTCCAGCAGTGCTTACTACACAAGACAAATCAGACACAATTAGAGAA 

AC CTTT CC CTAAAGTGTAACTT AAGTGGCTG C AG AAC CAGCAAC CTGT AACTG C C CTT C AA 

ATGGCATGAGGAGGTGGGCACGGGTCCCGCCCAGCATGTGTGTGTCTCTATCTCGCGTCTA 

CCTGCTCTTCCGGCCTAGTCAGATGGATGTAGATACAGATCCCGCATGTGTCTGTATTCAA 

ACAGCACTTAGAGATGCTCCTGTCAGTGTCCTCCAGGCTCCACCAAGACACACACCGGGGT 

ACCACATGGTCCATTTCATGTGATCTATTACTCTGACATAAATCCATCTGTAATATATTGC 

CAGTATATAAGCTGTTTAGTTTGTTAATTGCTTAAGCTGTATGTCTTATAAGAGACTATGT 

AAAGGGGGAAAATGGAGGCGTGAACTCTCAGACCCTTGAAGATGTAGCTTCCGAATTTGAC 

CGTTAAATGG CAC CGT ATACC (5^3 ^ W.tt) 
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FIG. 5B 



MSLKFLYYCSEPTLDVKIAr CQGFDK^ 

KRYQNLX? IGSGAQG I VCAAYD AVLDRNVAI KKLS RP FQNQTHAKRA YRELVLMKCVNHKN 
r I SLLNVFTPQKTLEEFQDVYLVM^ 

G I IHRDLKP SNI VVKSDCTLKIIJDFGLARTAGTSFMPrrPYVVTRYYR^ 

DIWSVGCIMGEMVRHKILFPGRSYIDQWNKVIEQLGTPCPEF 

GLTFPKLFPDSLFFADSEHNKLKASQARDLLSKML^^ 

E VEAP P PQ I YD KQ LD EREKT I EEWKEI* I YKEVMNS EEKTIQIG WKSQ ? S P S AQ VQ Q \& A/0 : 1 
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FIG. 6 
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FIG. 7 
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Fig. 

agcaaccttc ctgacccaga ggaccggtaa 
ctnccgcgcc ntraaggctgc caccgagacc 
cacaccagtc cgcacaggcc tiaagtcgggc 
ccccccccca cagcggagga ggggacagtc 
ggccticcacc gagaatcccg cgacgaccgg 
gaccggtccg cgggccccaa ggaaccgccg 
acttttcaaa gctcggcatc gcgcggagtc 
ccccgcgctc cctggagcga actggggagg 
gcgcacgctc taaacaaacc ttgttacaga 
ccggcgcgct gntgcggccc cgaaacttct 
tgacggaccg tcctatgact gcaaagatgg 
ccccgttcct ccagtccgag agcggcgccn 
agagcacgac cttgaacctg gccgacccgg 
agaacncgga ccttctcacg ccgcccgacg 
cggagcgccc gaccacccag tccagcaacg 
agctcccgcg ccccaagaac gtgaccgacg 
gcgccccggc tigaactrgcat: agccagaaca 
cggncagcgg ggcgggcatg gcggcccccg 
gcggcggcca cagcgccagc ccgcacagcg 
tcaacccggg cgcgctgagc agcggcggtg 
cccttccctc gcagccgcag cagcagcagc 
aacagacccc ggtgcagcac ccgcggccgc 
cggagacgcc gggagagacg ccgcccctgt 
tcaaggcaga gaggaagcgc atgaggaacc 
agccggagcg gatcgctcgg ctagaggaaa 
agcnggcatc cacggccaac acgcccaggg 
tgaaccacgt taacagtggg tgccaaccca 
aacagactgc cagggctgag gggcaatgga 
actcgactgg tngcgacaga gaaaaaaaaa 
agatggactg ggttcggacn gacggcgccc 
cgcgcctggc tccggcgtgg agccagagag 
cgcngtgccg cgcgcgacca gaacgacgga 
ggaccnaaca ttcgatcnca tccagcacta 
tagagactgt: agactgcttic tgtagtgctc 
gggggaggcc tgtaagtgcc aggccagact 
aaccgtgtat gtacacacat atttcctttt 
acagcttcct gcctttgcaa gttannccat 
ttgtaaacaa gagattngaa gcattctgag 
tttacgtctt gtttctgaaa atttccagaa 
gaaaagr (SEQ ID NO: 13) 
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caagcggccg ggagcaactt ttgcaaacct 
gtaaagaaaa ggagaagagg aacccacacc 
gaggcctagc cgcggccgcc uagcgtcccc 
gccggaggcc gggcggcaga cccgaccgcg 
tcagcaccgc cggagagccg ccgccgccgg 
ccccccgaga gcgccccgcg agcgaccgcg 
ctaccaacgt gagtgcnagc ggagccttaa 
agggctcagg gggaagcacc gccgncngga 
agcagggacg cgcgggtatc cccccgcccc 
gcgcacagcc caggccaacc ccgcgtgaag 
aaacgaccct ccacgacgac gccctcaacg 
acggctacag taaccccaag atcctaaaac 
tgggcagtcc gaagccgcac ctccgcgcca 
ccgggccgcc caagccggcg tzcgccggagc 
ggcacaccac caccacaccg acccccaccc 
agcaggaggg crtcgccgag ggctrcgcgc 
cgctccccag cgtcacctcc gcggcacagc 
cggcggcctc agtagcaggc gctggcggcg 
agcccccggc ccacgccaac ctcagcaact 
gggcgccctc ccacggcgcg gccgggccgg 
agccgcctca gccgccgcac cactcgcccc 
aagccctgaa ggaagagccg cagaccgtgc 
cccctatcga catggagtcc caggagcgga 
gcactgccgc ctccaagcgc cggaaaagga 
aagtgaaaac ctcgaaagcg caaaactccg 
aacaggcggc acagcttaag cagaaagtca 
cgctaacgca gcagttgcaa acgtntngag 
agaaaaaaaa taacagagac aaactcgaga 
gtgcccgagc accgaagcca agggracaca 
ccagtgcgcn ccggagcggg aaggacgcgg 
caggcccatt ggccggcaga cctcgcggag 
cttttcgtta acactgacca agaaccgcac 
aaggggggcg ggaggggtna caaactgcaa 
cttaacacaa agcagggagg gccgggaagg 
gcagacgaac ccccctggcc tgcccccctc 
aatttgacga aagccgatca ccgccaacaa 
gtttgcttgt tcgggcgtcc cgcccagtgt: 
tctaccactt gcaacaaagt acacaacttc 
aggacattca agaaaacaca ataaactatt 
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Fig. 9B 

MTAKMETTFYDDALNASFLQSESGAYGYSNPKILKQSMTLNLAD 
PVGSLKPHLRAKNSDLLTSPDVGLLKLASPELERLIIQSSNGHITTr.PTPTQFLCPKN 
VTDEQEGFAEGFVRALAELHSQNTLPSVTSAAQPVSGAGMVAPAVASVAGAGGGGGYS 
ASLKSEPPVYANLSNFNPGALSSGGGAPSYGAAGLAFPSQPQQQQQPPQPPHHLPQQI 
PVQHPRIiQALKEEPQTVPEMPGETPPLSPIDMESQERIKAERKRMRNRIAASKCRKRK 
LERIARLEEKVTCTLKAQNSE1ASTANMLREQVAQLKQKVMNHVNSGCQLMLTQQLQTF 

(SEQ. ID NO: 14) .- 
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Fig. 

ataccagaga crcaaaa.aaa aaaaaaaagc 
acccccrgac cctgggaacc gggtccacat 
cccgcccccc ccgcctcccc tcccccggcc 
cccagagccg gctgcagccg gcgagcngtir 
cgtccacatc aggacatctg cgtcagcagg 
gggggaccat ctccgaaacc ctacacgcgg 
:gcgaacacn cacaggtgaa agatgcacgc 
agccgacgac agagcgcccg cagagggccc 
gcccagtgac gcaggaagtc catccaccca 
gcctactacc ccaaccgcga ccgcagcgag 
cccgcgaacg agcagcgacc gcgctcccac 
ccacccctgg accccttgcc gggccrtccc 
aacgccgact acgaggcgcc atcctcccgc 
ccttcctact accattcccc agccgactcc 
caggtgagnn tggctttgtg tagccgccag 
accggggcgt: gacccgcagg ggcggggggg 
cgcggccaga gcagccctag cctgggaacc 
catagcaaga cttagtgacc ccttcccgcg 
atccttctct: cggccgacct: gtttctgaga 
agccgccaac tagagtttgg gaggcggcaa 
tggagcaggg aggagggagg agggaggagg 
attgataaaa agcgagttca ttctggagac 
tcagggatac ttataacaaa cccccccccg 
gcagcagtag gatggaggag aaaggctgcg 
gcttictiacct ccgatgaggt gcatacagga 
ctctctccct: gcctcatgcg acaccagggc 
cgctcacctc cgctttcctc ttttngtctt 
ctctagcgcc aactttatcc ccacggcgac 
gccggtgcag cccactctgg tctcctccgt 
ctacggactc cccacccagt ctgcrggggc 
gtcaggaggc agagcgcaga gcatcggcag 
tcccggaccc ttgcgggctg gggggggggg 
aacagagaag ggacgctact gactgcacct. 
tcccccccct gccagatttt gacagtcgga 
cagcttccta cttcactctc tagccgggga 
cttaaacgca aatcacactc tgcccgccaa 
ggtgcgggtg ccgtaggagc cagtttcact 
accctaact g a atgttggtc cttttcttct 
gagaacccga agggaacgga ataagatggc 
gccgacagac acactccaag cggtaggttg 
agttggagcc tgggactatg ggcgcagggt 
tatatctctc cccacgcagg agacagatca 
tgagattgcc aatctgcnga aagagaagga 
acctgcctgc aagatccccg atgaccttgg 
ggacccgacc ggaggcctgc ctgaggcctc 
gccccttctc aacgaccccg agcccaagcc 
cgcggagccg aaggcagaac cctttgacga 
tggcccagag acczcccgct ctgrgccaga 
agaccgggag cctictrgcaca gcaatccctt 
gcccctgtgc acrcccgcgg tcacctgtac 
cgtctccacc caccctgaag ctgactcctc 
cagcagcagc aacgagccct cccccgacnc 



10A 

tzccagattigc cggacaacga cccgggnctc 
tgaatcaggt gcgaacgtr c gctcgccttc 
gcggccccgg crcccccccr gcgctgcacc 
cccgncaatc cccccccccr ctacacagga 
cctccacggc cggcccccgt: tgccccgggg 
aaggtccagg agacccccza agaccccaaa 
caagacgggg gccgaaagcc cggggcgcag 
tggggcgcgc ctccccccc: tcccagtccc 
cagcgccccc acaaaggcgc cagccgaggc 
caaccgagaa gactggacag agccggcggt 
ccagccccgc tctgcagccc ccaccagcgt 
caaacctcga ccacgacgct: cncgggntcc 
cgcagtagcg cccccccggc cggggacagc 
ttctccagca cgggcccccc tgtcaacaca 
gcccgcgccg agggczgccg tggaggagac 
tcrtcctttt ccgccstgga gggagactgg 
caggacccgc ccgagcgcgc gcacacccgt 
cggcaggctc actrccgagcg gcccgcccgc 
tcagccgggg ccaacaag-c ccgagcaaag 
accgcggcaa cccccccrcc cggggcagcc 
gtgctgcggg cgggtgtgca aggcagtttc 
cccggagcag cgccrgcgcc agcgcagacg 
agcgagtgat gccgaaggga caacgggaac 
cngcggaatt caagggagga tattgggaga 
agacataagc agtcrccgac cggaatrgctt 
cacttgcccc accngcgccr ggaacctccc 
gtttcaggac trttgcgcag atctgtccgt 
agccatctcc accagcccag acccgcagtg 
ggccccatcg cagaccagag cgccccatcc 
tcacgccaga gcgggaacgg cgaagaccgt 
aaggggcaaa gcagagcagg cgagcagcga 
ggggggcgga gaccgacgca cagaccacac 
cctgaccagg agctgcgccc gccagccctc 
cccaagacaa actctagaca gcccccccga 
gcccctctgc ccccctgctia aagatctcac 
ctgcaggtta gaaaaaccgc ttcaccgaga 
ggggtgactg aatggaggcg acactagaca 
atagctatct cctgaagagg aagagaaacg 
tgcagccaag cgccggaacc ggaggaggga 
aaccagccgc tgcccctgaa actttactaa 
ccttgagcat gcccgngccn tacgccttcc 
acttgaagat gagaagcccg cgtcgcagac 
aaaactggag tttatcttgg cagcccaccg 
cttcccagag gagatgtccg tggcctcccc 
caccccagag ccngaggagg ccctcaccct 
atcctcggag ccagtcaaga gcatcagcaa 
cttcttgctt ccggcaccac ctaggcccag 
cgcggacctg cccggtcccc tctacgcagc 
ggggacgggg cccacggcca cagagcngga 
tccgggccgc actacctaca cgccttcctc 
cccaagccgt gccgcrgccc accgaaaggg 
cccgagccca cccacgcngc cggccccgcg 
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. Fig. LOB 

agcagtcaga gaaggca^gg cagccggcac ccagacgcgc cactgcccga gccggcgcac 
tacagagagg agaaacacgt cttcccccga aggttcccgt cgacccaggg aggacctcac 
ctgtccgtga aacacaccag gccgcgggcc ccaaggaccc gcaagcaccc acatctggcc 
cccagtcctc acctcttcca gagatgcagc aaaaacaaaa caaaacaaaa caaaaaaccg 
catggagcgt gctgttccca. gtgacacccg agagctggta gctagcagag cacgcgagcc 
aaggcccggtr crgcgtcccc ttcccccccc tccttagttt cctcacagca ccaactaacc 
tgcngggctc actattggaa. tcaacccggc gccggaccgc acctagcgca gccgaccrca 
acaataccta ccgngctccc ggcaacagcg cgtitccaatt agaaacgacc aacactaaac 
taagaaaaga taggacctta ttttccagta gacagaaacc aatagccata tccacgcacc 
gtagcccttc agcgtcaatg ctcaccgtca tgttactgat catgcattgt cgaggtiggcc 
tgaatgtcct gacattaaca gtcttccacg aaaacgtttc cattgtgtnc tcaacctatt 
caccaagatg gattcccaga tatttatatt tttattctac tttctcctac cccgaggccc 
cccgacacgt ggaaagtgaa tttgaatzgaa aaattttaag cattgtttgc ttattgttcc 
aggacattgt caataaaagc atttaagttg aacgcgacca cctrcccgcc ccctttaccc 
ccagttt (SEQ ID NO: 15) 
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:.Fig. IOC 

: MMFSGFNAD YEAS 3 S RCS S AS P AGDS LS YYHS PADS FS S MGS P V 
OTQDFCADLSVSSANFIPTVTAISTSPDLQWLVQPTLVSSVAPSQTRAPHPYGLPTQS - 
AGAYARAGMVKTVSGGRAQS IGRRGKVEQLSPEEEEKRRIRRERNKMAAAKCRNRRRE 
LTDTLQA£TDQLEDEKSAIiQTEIANLLKEKEKLEFTLAAHRPACKI PDDLGFPEEMS V * - 
AS LD LTGGL P EAS TPES EEAFTL P LLND P EP KP S LEPVKS I SNVELKAE P FD D FLF P A 
SSRPSGSETSRSVPDVDLSGSFYAADWEPLHSNSLGMGPMV^ - ~ 

TTYTSSFVFTYPEADSFPSCAAAHRKGSSSNEPSSDSLSSFTLLAL- <SEQ ID NO: IS) 
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